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WA LTHOUG H now-a-days the Mechanical 
1A Philoſophy is in great Repute, and in this 


U. Age has met with many who cultivate it; 

* yet in moſt of the Writings of the Philoſo- 
hers, there is ſcarce any thing Mechanical to be found 
beſides the Name. Inſtead whereof, the Philoſophers ſub- 
ſtitute the Figures, Ways, Pores, and Interſtices of Cor- 
puſcles, which they never ſaw ; the inteſline Motion of Par- 
ticles, the Colluctations and Conflicts of Acids and Alkalies, 
and the Events that thence ariſe, they relate ſo exattlr, 
that there is nothing but a Belief wanting in the Hiſtory of 
Nature, as often as they ſet forth the Miracles of their 
ſubtile Matter : I ſay, Miracles, for certainly that muſt be 
a ſort of a Miracle, which happens contrary to the well- 
known Laws of Nature, and the eſtabliſhed Principles of 
5 Mecha- 
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 Mechanicks ;, as would be all the Phenomena of Nature, if 


they were produced by a ſublile Matter, and the Method 
of Operation that is delivered by the Philoſophers, 
To explain the Works of Nature, they make uſe of 


uch Poſtulata, as can neither be conceded, or underſtood 3 
and which are indeed more complicated than the Pheno- 


mena themſelves, whoſe Cauſes they inveſtigate. Beſides, 
if their Poſtulata are granted, yet the Effefts cannot be 
thence deduced, whoſe Cauſes and Origin they boaſt to 
have diſcovered. h 


Bo r that nobody may ſuſpeT that this is raſhly and 


 malevolently aſſerted by us, we ſhall bere examine ih? 


Theory they have framed to explain the maſt univerſal 


Affection of all Terreſtrial Bodies; 1 mean Gravity, 5 


which they principally boaſt of having been able to 
deduce by Mechanical Laws from the Action of a ſublile 
Maler. | 

TH x Carteſians will have Gravity to ariſe from the 
Aion of a Celeftial Matter, which being agitated in a 
Vortex, is carried about the Earth, and conſequently re- 
cedes, as much as it can, from the Earth, and forces 
Terrejprial Bodies being leſs agitated towards the Earth, 


Or, as the Moderns have more clearly explained the Opi- 


nion of Cartes, ſince the ethereal Matter makes continual 
Gyrations about the Earth, it will have, after the manner 


of Bodies that move circularly, an Endeavour of receding 


from the Center of Motion, {o that Terreſtrial Bodies 


having a leſs Force, will be compelled by it towards the 


Center; as Water gravitaling towards the Earth, drives 


upwards or towards the Circumference, Bodies f a leſs 


Weight in reſpect to their Bulk, which are immerſed in il. 
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THIS, however ſpecious it may ſeem at firſt appea- 
ranct; if it be brought to an Examination, will be found 
contrary to almoſt all the Laws of Nature. For in the 
firſt place, the Carteſians require their Ethereal Matter to 
be carried round the Earth in Circles; but from what Cauſe 
that Motion ariſes, or by what Means it is continued, is as 


difficult to explain, as to give a Reaſon for Gravity itſelf. 


They therefore who contend that Gravity proceeds from 


thence, undertake to explain what is unknown by what 1s 


ſtill more unknown, eſpecially ſince there may be produced 
divers Arguments, whereby that Rotation is wholly de- 


ſtroyed. But let us grant to the Carteſians their Poſtula- 
tum, and then let us ſee, whether this Phenomenon does 
thence follow. Since it is neceſſary that the Velocity of the 


Vortex revolving about the Earth, is, at the Superficies of 
the Earth, equal to the Velocity of the Earth's Rotation, 
( for if it was greater, ſome part of the Motion would be 
communicated to the Earth; whence it would happen, that 
its Velocity would be always diminiſhed, and that of the 
Earth increaſed, till they arrived at an Equality) ſo that 
from the Magnitude of the Earth, and the Time of its Ro- 
tation being known, there will be given the Space, which a 
Body, urged by the Centrifugal Force of the Celeſtial Mat- 


ler, can run over in a given Time; namely, that which is 


equal to the Square of the Arch deſcribed in the mean while, 
applied to the Diameter of the Circle: By Lemma 2. in 
the Demonſtration of Monſ. Huygens's Theorems of the 
Centrifugal Force and Circular Motion. If a Calculation 
be made from this Principle, it will be found that the Space 
which will be run over in a Second of Time, by a Body 
agitated by a Centrifugal Force of the Ather, will not ex- 
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ceed half a Feet : If therefore the Effect of Gravity was 


produced mechanically, heavy Bodies in a Second of Time 
would not deſcend above half a Foot ; but heavy Bodies 
in their Motion downwards will paſs over in the ſame 
Time fifteen Feet. So that if after this manner the Aiber 
was the Cauſe of Gravity, it would act contrary to the 
Laws of Mechanicks, by making a Body deſcend tbrough 
fifteen Feet in one Second of Time. 


To avoid the Force of this Objection, the Carteſians 


ſuppoſe the Rotation of the ethereal Matter to be much 


ſwifler than the Rotation of the Earth. Which, though 
it is impoſſible, yet if we alſo concede to them this, there 
will not thence proceed the Mechanical Action of Gravity. 
For ſince the Matter of the Vortex is always carried in 
Circles parallel to the Equator, and the Directions of the 
Centrifugal Forces are always made in Lines lying in 
the Planes of theſe Circles; it follows, that all Bodies 
muſt deſcend in theſe Planes, and tend perpendicularly to 
the Axis, and not to the Surface of the Earth. If there- 
fore the ſubtile Matter acted mechanically, it would force 
Bodies perpendicularly to the Axis ; whence ſince, according 
to theſe Theoriſts, it compels them to tend to the Center of 
the Earth, it produces an Effect contrary 10 the true 
Laws of Mechanicks. 


THAT they may remove this Difficulty, they farther 
ſuppoſe the ethereal Matter to be carried not in Circles 
parallel to the Equator, but in great Circles of a Sphere. 
But how it is poſſible to conceive this, I am at a loſs to 


know ; for ſince every great Circle twice interſecis all the 


other Circles that are infinite in number, it is neceſſary that 
the Motion of any Particle ſhould be hindered by infinite 
others 


> 
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others moving different ways, and at length its Motion 


ſhould ceaſe, if at firſt an equal Quantity of Motion was 


impreſſed on all the Paris; or that, laſtly, it ſhould be all 
carried in parallel Circles, if at the beginning the Motion 
was greater towards one Part than the other. More 
over, it may be asked, whence it comes to paſs that the 


ethereal Matter does move in the Superficies of the outer- 


moſt Sphere, ſince it has a Centrifugal Force, it ſeems 
as if it ſhould recede from thence ; what then is it that 
hinders it from doing ſo? They are wont lo anſwer, 
That the ambient Bodies compreſs the Matter in the ex- 


_ terior Sphere, and prevent its eſcaping. But ſince this 


Matter muſt preſs other Bodies encompaſſing it, it is ne- 
ceſſary that it communicates a Motion lo them, and theſe 
Bodies in like manner will imprejS a Motion on others 


encompaſſing them, and ſo the Motion of the ſubtile Mat- 
ter will be propagated in infinitum; whence of neceſſity 
its Celerity muſt languiſh by degrees. 


THERE are many other Difficulties which accompany 
theſe Mechanical Explications of Gravity; one whercof we 
ſhall here propoſe, and which extends to all the Theories of 
this fort. And it is this: If a Body is after any manner 
driven downwards by a ſubtile Matter, the Force whereby 
it is driven, will be neceſſarily as the Number of Pariicles, 
by the acting of which together, the Body is conſtrained to 
tend towards the Earth : but the Number of Particles is 
as the Superficies of the Body; wherefore the Force where 
by the Body is preſſed downwards, will be as its Superficies, 
and not as the Puantity of Matter in the Body, which is 
contrary to Experience. Nor will all the reſt of the Hypo- 
theſes, which they frame to account for the Appearance of 
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other things, be found leſs repugnant to the Laws of Na- 
ture, if they are brought to an Examination. p 
AL L theſe Errors ſeem to ſpring from hence, that Men t} 
| ignorant of Geometry preſume to philoſophize, and to give li 
tbe Cauſes of Natural Things, For what can we expect F 
but Miſtakes, from ſuch, as having negledted Geometry, 1 
the Foundation of all Philoſophy, and being unacquainted d 
with the Forces of Nature, which can only be eſtimated by ! 
the means of Geometry, do yet attempt to explain its Ope- 7 
rations, by a Method not at all agreeing with the Rules f 
of Mechanicks © q 
_ Amonsesr the Philoſophers of this fort, Cartes leads « 
the Van; who though he was a famous Geometer, yet that © 7 
be might accommodate himſelf to the idle and common Herd f 
of Philoſophers, made no uſe of Geometry in his Philoſophy x 
and although be pretended to explain all things mechanically | 
by Matter and Motion, yet he introduced a Philoſophy 


obich was as contrary to the true Laws of Mechanicks, as 
was poſſible. Thoſe may be reckoned of his Set, obo 
refuſe the Labour of Philoſophizing aright, that is, Geo- 

metrically: And ſuch are by much the greateſt number, 
being ſcattered almoſt over the whole Earth. 


B u r although ſo great a part of the Philoſophers have 
embraced the Shadow of Philoſophy, and not its Subſtance ; 
yet there have not been wanting (nor, I hope, ever will) 
ſuch as have employed real Pains in diſcovering the true 
Laus of Nature, and in inveſtigating from thence the 7 
Cauſes of Things by Mechanical Principle... 4 

AMON Gs T the antient Philoſophers, the Divine Ar- +4 
chimedes is of the greateſt Eminence; who, beſides his | 
Geometrical Labours, has left us the Principles of Mecha- X 

nicks 2 
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nicks and Staticks demonſtrated in two Books de Æqui- 
ponderantibus & de Humido Inſidentibus. After him 
through a long Series of Years the Mechanical Philoſophy 
lay in Obſcurity, nor was it cultivated except by a very few 
Perſons of a more refined Underſtanding. Amongſt whom 
we may juſtly reckon Roger Bacon of Oxford, and Car- 
dan. But at length, about the beginning of the laſt Ape, 
that noble Lyncean Philoſopher Galileo, having by the 
means of Geometry penetrated into the Secrets of Nature, 
framed a new Science of Motion, and ſhewed a Method 
whereby the Mechanical Cauſes of Things might be diſco» 
vered. Then the Famous T orricelli and Paſchal tread» 
ing in his very Foolſtecps, improved Philoſophy by new S po- 
culations. And laſtly, the Societies of London and Paris 
were inſtituted by two powerful Monarchs, for the Advance- 
ment of Philoſophy , whereby the Knowledge of Nature has 


been increaſed with wonderful Inventions, not only ſuch as 


terminate in bare Speculation, but with many others which 
are of common Uſe to Men. It would be a difficult Task 
to reckon up the innumerable Benefits that accrue to Man- 
kind from the Labours of both Societies : nor is it an eaſy 
matter to ſhew, how much ſucceeding Ages will be obliged 
to the Geometrical Demonſtrations of the Illuſtrious Mon- 
ſieur Huygens, concerning the Motion of Pendulums; or 

to the curious Experiments of the Honourable Mr. Boyle, 
whereby he has diſcloſed many wonderful Secrets of Nature. 
Our late Poſterity will peruſe with a grateful Mind 
Dr. Wallis's Treatiſe of Motion; a Work the moſt perfect 
of its kind. The Philoſophers will now no longer be trou- 


bled to find out the Cauſes of River, and Winds, ſi 70 
| be 
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they have been delivered by that acute Geomeler Dr. 


_ Halley, tho" before bim they have been ſought after in 
vain. 


1Snourp proceed in enumerating the Merits of 


others towaras the real Philoſophy, if I did not find my- 
ſelf obliged to ſtop, to mention the great Inventions of Sir 


Iſaac Newton, whoſe prodigious Genius has laid open 


more and abſtruſer Myſierie: of Nature, than Men 
could ever have hoped for : but ſince it is impoſſible to 
comprehend his Diſcoveries within the narrow Limits 
of this Preface, we ſhall only undertake to ſay thus 
much, That what all our Predeceſſors from Time im- 
memorial have handed down to us concerning the Mecha- 


nical Philoſophy, does not amount to the tenth part of 


thoſe Things, which Sir Iſaac Newton alone, through 


bis vaſt Skill in Geometry, has found out by his own 


Sagacity. But bow the Mechanical Principles may be 
eaſily applied to explain the Aﬀettions of ſuch Bodies as 
are at a diſtance from us, namely, the Motions and In- 
equalities of the Planets; the Learned World has been 


lately informed by the Philoſophical and Geometrical Ele- 


ments of Aſtronomy publiſhed by Dr. Gregory, the Savilian 
Profe/flur of Aſtronomy : A Work that will laſt as long 
as the Sun and Moon endure. 

SIN c E therefore ſuch is the State of the Mechanical 
Philoſophy, that there is no Admittance to it but by the 


means of Geometry ; ſome of my Friends have requeſted of 
me, that I would undertake do explain to the Youth of this 


Univerſity its caſieſt Principles, and ſuch as only depend 
on the firſt Elements of Geometry; which thing was alſo 


aked of me in the mojs obliging manner in the world, by the 


Gentleman 


n 
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Gentleman who ſubſtituted me in the publick Schools for the 


undertaking this Work. And this was Sir Thomas Mil- 
lington M. D. Sedleian Profeſſor of Natural Philoſophy 
in this Univerſity, and Preſident of the College of Phyſicians 
in London; a Perſon adorned with Learning of every 
kind. By his Advice it was, that J read the following 
Lectures in this Univerſity: And in them my principal 
Care was, that Beginners. might have clear and diſtinct 
Conceptions of the general Affeclions of Bodies; for all the 
Errors in Philoſophical Matters have their Origin from the 
obſcure and falſe Ideas of Things : ſo that I have endea- 
voured, as much as I was able, to expound clearly the 
Extenſion, Solidity, and Diviſibility of Body, which have 


been delivered by others very obſcurely. And then I have 
explained the Nature and Properties of Motion, which may 
be eaſily conceived by all unleſs ſome ſort of Philoſophers 


and I have thence deduced the Laws of Nature, and have 


ſhewn that the Force of Gravity, or the Weight of Bodies, 


is proportionable to the Quantity of Matter in thoſe Bodies, 
and the Principle whereby, thro* the means of Engines, 
great Weights are raiſed. Next, I bave made manifeſt 
the Laws of Motion, and the Cauſe of the Acceleration of 
heavy Bodies depending on them ; and by what Propor- 
tion the Spaces paſſed over by heavy Bodies, increaſe or 
decreaſe according to the different Intervals of the Times. 
To theſe ſucceed the Rules of Congreſs, as well in hard as 
elaſtick Bodies, and the Manner whereby the Magnitude 
of a Stroke may be eſtimated : to which I have adjoined 
the Compoſitions and Reſolutions of Motions, and ſome 
other Theorems, of no ſmall uſe in Philoſophy. And 


_ that the Philoſophers may further perceive, how far even 


the 
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the Uſe of the Elementary Geometry extends itſelf in the 
Knowledge of Natural Things, I have demonſtrated from 
the Elements the very beautiful Theorems of Monſ. 
Huygens concerning the Centrifugal Force and Circular 
Motion. 


— —— 
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LECTURE I. 
Of the Method of Philoſophizing« 


2 5 8 it is our Purpoſe in theſe Lectutes to 

WER endeavour to deliver the Explication 
of the Properties and Affections of 
Bodies, we have thought it not im- 
Ne 08 proper, in the firſt place, to ſay ſome- 
thing concerning the Sects, and Prin- 
ciples, and Methods of the Philoſophers ; and at the 
{ame time, to declare our own Manner of Proceeding 


TY - * P 
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in the inveſtigating the Cauſes of Natural Things. 


AMONGST the various Sects of Philoſophers that 


| have wrote on Phyſical Subjects, there ſeems to have 


been four of the greateſt Eminence, The firſt were 
thoſe who attempted to illuſtrate, (ſhall I ſay?) or 
rather conceal, the Natures of Things, by the Pro- 
perties of Numbers and Geometrical Figures. Such 
were the Pytbagoreans and the Platoniſts ; for theſe not 
being willing that their Opinions ſhould be expos'd 
to the common People; did therefore, as it were, 
caſt a Vail over them, by the means of Images and 
| B Hliero- 
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2 Ai Introduftion to 


Hieroglyphicks, that they bocrowed from Geometry 


and Arithmetick: nor indeed did they admit their 
own Diſciples to a thorough Acquaintance with their 
rea] Opinions and the greateſt Depths of their Phi- 
loſophy, until they had firſt undergone many Years 
of Probation and Trial. Tho' this Method ſeems 


extremely well calculated to keep up the Dignity of 


their Profeſſion, yet it has had a very ill effect in re- 


ſpect to us, the Succeſſors of theſe Philoſophers. 

For by this means their Opinions have been handed 

_ © down to us with ſo much Obſcurity 
that it is almoſt impoſſible to diſcern, thro' the Diſ- 


and Darkneſs, 


guiſes that they wrapped them up in, what were 


their true Sentiments concerning the Natures of i ; 


Things. But however, notwithſtanding the Philo- 


ſophy of this Sect appears very myſterious to us, yet 3 
we may be certain, from their Manner of delivering 


ir, that they looked upon Geometry and Arithmetick 


to be abſolutely neceſfary to ſolve the Phenomena of | 
Nature, and that they uſed them to that very pur- | 


pole. 


vations, Elementary Virtues, occult 
pathies and Antipathies, Faculties, Attractions, and 
the like. 


themſelves, and to have invented ſuch Terms, as are 
very fit to expreſs natural Actions. 


Trax third Order of Philoſophers are ſuch as 
proceed upon Experiments: and thefe make it their 
fole Buſineſs, that the Properties and Actions of all 
Bodies may be manifeſted to us, by the means of our 


Senſes. And indeed Philoſophy has received very 


conſiderable Advantages from their Labours ; and it 
might thereby have been ſtill further improved, if the | 
> | Expe- 


THE ſecond ſort were the Peripateticks. This Seck 
explained their Philoſophy by Matter and Forms, Pri- | 
Qualities, Sym- 


But theſe Philoſophers, in my opinion, ſeem i 
not ſo much to have diſcovered the Cauſes of 
Things, as to have given proper Names to the Things ft 


netry 

their 
their 
Phi- 
Years 
ſeems 


In re- 


phers. 5 
anded 
kneſs, ¶ about by the known and eſtabliſn'd Laws of Me- 
chanicks. 


Diſ- 


Were 


es of as there is no particular one, wherein we do intirely 


Philo- 
s, yet can approve of. Wherefore we ſhall chuſe out of all 
vering | | 


netick 
ena of 


y pur- | 


is Seck 
85 Pri- 
Sym- 
3, and | 
, ſeem | 
es of 
Things 
as are to move other Bodies, ought to be inveſtigated. But 


ch as WW inſtructed in the Nature of Quantity and Proportion: 
t their | 
of all 
of our 1 
very 
and it 
if the 
Expe- 


to be called Mechanical. 
| under this Banner, imagine they can explain all the 
ty of = Phenomena of Nature by Matter and Motion, by 
the Figure and Texture of the Parts, by ſubtle Par- 


ticles, and the Actions of Effluvia; and they like- 


out Motion; the 


, 
Po 24 


Experimenters themſelves had not too often diſtorted 
their Experiments and Obſervations, in order to fa- 
vour ſome darling Theories they had eſpouſed. 


T x E laſt ſort of Philoſophers are ſuch as are wont 
They that liſt themſelves 


wiſe contend, that theſe Operations are brought 


. 


AMoNGs 7 theſe various ways of Philoſophizing, 
acquieſce ; ſo in each, there are ſome things which we 


of them what may be thought uſeful, and thence com- 


poſe the Method we ſhall here follow. 


Ax firſt of all, in imitation of the ancient Py- 
thagoreans and Platoniſts, we ſhall call in to our aſ- 
fiſtance Arithmetick and Geometry, as Arts very 
neceſſary to Philoſophy, and without which, but 
little of Certainty can be ever diſcovered in natural 
Cauſes. For ſince every Phyſical Action depends 
upon Motion, or at leaſt it cannot be performed with- 
2 Quantity and Proportion of Mo- 
tion, the Magnitude, Figures, Number, and Colli- 
ions of Bodies in motion, and their Forces neceſſary 


it is impoſſible to determine all theſe, without being 


and therefore there is occaſion for thoſe Arts, that 
demonſtrate their Properties; and conſequently Geo- 
metry and Arithmetick muſt be thought neceſſary to 
any one, that would make any progreſs in Natural 
Philoſophy. 
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4 An Iniroduction to 
SE ON DL, We ſhall not be aſhamed to uſe, 
with the Peripatelicks, the Terms Quality, Faculty, 


Attraftion, and the like; not that by theſe words we 
pretend to define the true and phyſical Cauſe and 


Modus of Action, but as theſe Actions may be aug- 


mented and diminiſhed, and therefore fince they have 
the Properties of Qualities, the ſame Name may not 
unfitly be applied to them, ſo that we thereby only 
mean to expreſs the Ratios of the Forces or their 
Augmentation and Diminution, For example, we may 
ſay that Gravity is a Quality, whereby all Bodies are 
carried downwards, whether its Cauſe ariſes from the 
Virtue of the central Body, or 1s innate to Matter it- 
ſelf ; or whether it proceeds from the Action of the 
Ather agitated by a centrifugal Force, and fo tend- 
ing upwards ; or laſtly, whether it is produced after 
any other manner whatever, So. likewiſe we may 


call the Endeavour of Bodies to approach one ano- 


ther, Attraction; by which word we do not mean to 
determine the Cauſe of that Action, whether it pro- 
ceeds from the Action of the Bodies tending mutu- 


ally to one another, or from their being agitated by 


Effluvia emitted, or from the Action of the ther, 


or Air, or any Medium whatever that impels the 


Bodies, which float in it, towards one another: ſuch 
Actions, I ſay, we may expreſs by theſe Words, And 
iſ the true Cauſes are hid from us, why may we not 


call them occult Qualities? Certainly by the ſame A 


right, as in Algebraical Equations we denote the un- 
known Quantities by the Letter x or yz and not by 
a very unlike Method we may inveſtigate the Inten- 
ſions and Remiſſions of theſe Qualities, which follow 
from ſome certain ſuppoſed Conditions. We will 
Hluſtrate this by an Example. | 


HOWE VER ignorant we are of the Nature of 


Qualities, and how much ſoever the Modus of Ope- 
ration is concealed from us, we are able not with— 
ſtanding 


aculty, 


e may 
lies are 
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o uſe, 


ſtanding to demonſtrate the following Theorem con- 
cerning their Intenſion and Remiſſion. Every Qua- 
ds we 7 HE > 
ſe and WF Lines from a Center, is diminiſhed in a duplicate 
e aug - 
y have 
ay not 1550 
y only 
r their 


lity or Virtue that is propagated every way in right 


Proportion of the Diſtance from that Center. 

LET A be a Point or Center, whence every way 
the Quality is diffuſed, in the right Lines AB, AC, 
AD, and innumerable others ſpread indefinitely 
through the whole Space. I ſay, that the Intenſion 


7 of the Quality decreaſes in a Ratio duplicate of that, 
whereby the Diſtances increaſe; or, which is the 


ſame thing, its Intenſion at a Diſtance equal to 
AB is to its Intenſion at a Diſtance equal to the 


the Diſtance AB, to the Diſtance AE; that is, di- 
rectly as the Square of AE to the Square of AB. 


: ſuch WM 

And 
ve not 
> fame WM 
he un- 

Inten- . 3 
follow Since, from the Hypotheſis, the Quality is propaga- 
e will ded in a Sphere every way by right Lines, its Inten- 
| fon at any Diſtance from the Center, will be propor- 
ore of tionable to the Spiſſitude or Denſity of the Rays at 
Ope- the ſame Diſtance. By Rays I here mean the recti- 
„wir- lineal Ways by which the Quality is diffuſed : Now 
anding de Rays that at the Diſtance AB are diffuſed thro 


B 3 the 


6 


the ſpherical Superficies BC DH, will be diſperſed 
at the diſtance AE, thro' the whole ſpherical Super- 
ficies EFG K: but the Spiſſitude of any given Rays 
are reciprocally as the Spaces they take up; namely, 
if the Superficies EFGK is double the Superficies 
BCDH, the Rays at the Superficies BCDH, will 
have double the Denſity, that the ſame Rays will 
have at the Superficies EFGK : and if the Super- 
ficies EFGK is triple the Superficies BCDH, the 
Rays likewiſe at the Superficies BCDH will have 
triple the Denſity that the ſame Rays will have at 
the Superficies EFGK ; and univerſally whatever 
proportion the Superficies EFGK has to the Super- 
ficies BCDH, the ſame proportion will have the Den- 
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ſity of the Rays at the Superficies BCDH to the 


Denſity of the ſame Rays, at the Superficies EFGK. 


And from Archimed. of the Sphere and Cylinder, it ap- 


pears that all ſpherical Superficies are in a duplicate 
Ratio of their Diameters or Semidiameters: the | 
Spiſſitude therefore, or Denſity of the Rays by which 
the Quality is propagated to a Diſtance equal to the 
Diſtance AB, will be to the Denſity of the ſame Rays 
at a Diſtance equal to AE, reciprocally in a duplicate 
Ratio of the Semidiameter or Diſtance AB, to the 
Semidiameter or Diſtance AE. But as it has been 
ſaid, the Intenſion of the Quality at any given Di- 
ſtance, will always be as the Spiſſitude of the Rays 
by which it is propagated to that Diſtance ; there- 
fore the Intenſion of a Quality at a Diſtance equal to 


AB, will be to the Intenſion of the ſame Quality 


at a Diſtance equal to AE, reciprocally in a dupli- 11 
cate Ratio of the Diſtance AB to the Diſtance AE; 
that is, directly as the Square of AE to the Square 


of AB. , 1 eg . 

W x have demonſtrated this Theorem univerſally, 
whatever is the Nature of the Quality, ſo that it 
acts in right Lines; and it hence follows, that the 
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not the Buſineſs of our preſent Deſign. 


Intenſions of Light, Heat, Cold, Perfumes, and the 
like Qualities, will be reciprocally as the Squares of 
their Diſtances from the Point whence they proceed. 
Hence alſo may be compared amongſt themſelves, the 
Actions of the Sun on different Planets : but this is 
AFTER the Ratios of the Forces are diſcovered 
in given Conditions or Suppoſitions, then thoſe Ra- 
tios are to be compared with the Phenomena of Na- 
ture, that there may be found out, what Conditions 
of the Forces belong to every ſort of Bodies. But 
in order to obtain this, many of the Experiments 
that the third Sect of Philoſophers have delivered 
down to us, muſt be made uſe of: tho' this ought 


not to be done without great Caution; for we are 


well appriſed how fond theſe Gentlemen are of their 
Theories, how willing they are that they ſhould be 
true, and how eaſily they deceive both others and 
themſelves, in trying their Experiments. Such there- 
fore as are produced by all, and which ſucceed upon 
every Trial, we receive as undoubted Principles or 
Axioms: as likewiſe we ought ſooner to give credit 
to thoſe Experiments that are more ſimple and ealy to 
be ſhewn, than to thoſe that are more compounded, 
and difficult to be performed. 
LasTLy, We ought to inquire with the antient 
Atomiſts, and the Followers of the new Philoſophy, 
what are the Phenomena that may be explained by 
Matter and Motion, and the known and eſtabliſhed 
Laws of Mechanicks. - I -- | 
Bur that we may proceed in this Affair with the 
greater ſafety, and, as much as poſſible, avoid all 
Errors: we ſhall endeayour to obſerve the following 


Rules. 5 
FIRST, We ſhall, after the Method of the Geo- 


meters, premiſe ſuch Definitions, as are neceſſary 


to arrive at the Knowledge of Things. It is not to 
| = nn be 
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which conſiſt of the Genus and Difference ; or ſuch as | 


all things by their Properties, chuſing out one or 


certain do really belong to the things themſelves; and 


Many modern Philoſophers have offended againſt this 


from our Senſes, or Experience, or Reaſon, that ſuch 


we ſhall overthrow by a Geometrical Bhd, een 


moving in a Fluid, is leſs, if the Parts of that Fluid 


be expected that theſe ſhould be logical Definitions, 


diſcover the intimate Eſſence and ultimate Cauſe of 7 
the thing defined: theſe Matters I leave to be dif- | 1 
puted by others; for ingenuouſly to confeſs my o, 


e047 


Ignorance, the intimate Natures and Cauſes of 


Things are not known to me. And whatever ac- I 


quaintance I have with Bodies or their Actions, I <Y 


obtained it either by the help of my Senſes, or elſe 


deduced it from ſome of their Properties, which 


Properties were diſcovered by the ſame means. I 


| ſhall therefore, inſtead of ſuch a Definition as the 


Logicians are wont to give, exhibite a Deſcription ; 
whereby the thing deicribed may be clearly and 
dictinctly conceived, and likewiſe be diſtinguiſhed 
from every thing elſe, Wherefore we ſhall. define 


more of the ſimpleſt, which by experience we are 


then from theſe, we ſhall after a Geometrical man- 
ner deduce other Properties of the ſame things. 


= 


Rule, who define things not by any Properties which 
do certainly belong to them, but by Effences and 
Natures which they ſuppoſe to be in the things 
themſelves. They ſuppoſe it indeed, but at the fame * 
time it does not at all appear, whether ſuch Natures 7 
as they define, are really in the things themſelves. * 
The Carte/ians, for example, fay that a Fluid has its 
Parts in continual motion, but it does not appear 


is the Nature of a Fluid: nay, that very Argument * 
which they produce to confirm this their Hypotheſis, 


For they will have it, that the Reſiſtance of a Body 


are agitared by an inteſtine Motion, than if there 
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was no ſuch Motion in the Fluid; the contrary to 
which, we ſhall demonſtrate, when we come to treat 


of the Reſiſtance of Fluids. 


Bur the Writers of the Mathematical Philoſophy 
have followed a much better courſe, who take their 
Definition of a Fluid from its moſt obvious Property. 
A Fluid, they ſay, is a Body, whoſe Parts yield to 
the ſmalleſt Force or Impreſſion, and by receding, 
are eaſily moved in reſpe& to each other, From 
which Definition they deduce many beautiful Theo- 
rems that are of ſervice in the Occaſions of Life; 
whereas the Carteſian Philoſophers from theirs have 
produced nothing either certain or ſolid, much leſs 
uſeful. 1 

SECONDLY, While we are inveſtigating natural 

Truths, it will be of advantage to conſider only the 
Conditions that were ſuppoſed at firſt, abſtracting for 
a time from all other Conſiderations whatever. For 
as the human Mind is finite, ſo if it be diſturbed by 
too great a number of things at once, it will by that 
means be rendered incapable of making any Diſcove- 
ries. The Mechanical Writers have obſerved this 
Rule, in their comparing the Spaces paſſed over by 
two Bodies in motion: for they look upon the Bodies 
in this caſe as Points, abſtracting from the Conſidera- 
tion of their Magnitude, Figure, and Colour, which 
make no alteration at all in reſpect to the Length they 
have moved. 8 . 

TRHIRPDI y, It is neceſſary to begin with the moſt 
ſimple Caſes firſt; and having once ſettled them, we 
may thence advance to ſuch as are more compounded. 
So the ſame Mechanical Philoſophers at firſt ſuppoſe 
the Motion of Bodies to be in vacuo, or in a Medium 
that has no Reſiſtance 3 and having determined the 
Laws of Motion in that caſe, they thence proceed to 

inveſtigate the Laws of Reſiſtance, and laſtly to diſ- 
cover what Changes are thereby likely to arife to 
— 5 | Bodies 


+ 80 14 
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Bodies in motion. For the leſs the Bodies are re- © 1 
ſiſted by the Medium they move in, the leſs will tjge ; 
Laws of the Motion of Bodies in that Medium differ 
from the Laws before found out. So likewiſe in Hy- 
droftaticks, we conſider the Fluid as having no Tena- 7 

city or Coherence of its Parts, but that they are ſepa- 


rable by the leaſt Force whatſoever : and it 1s on this 
ſuppoſition, that we determine the Poſitions of Bodies 
immerſed in ſuch a Fluid, and the Preſſures of the 
Fluid on ſuch Bodies. Tho? perhaps there 1s not in 
Nature ſuch a Fluid, as has no Coheſion of its Parts; 
wherefore the Variation or Diſagreement in the Laws 
of a Fluid whoſe Parts do cohere, from thoſe of a 
Fluid which we ſuppoſe to have no Coheſion in its 
Parts, ought to be inveſtigated 3 and if that Tenacity 
or Coherence of Parts in the F juid be but ſmall, the 
Diſagreement from the Laws firſt diſcovered, will be 
but ſmall, and ſcarce diſcernible. 

Mos x of the Theoriſts oftend againſt this Rule; 
who neglecting, or not thoroughly underſtanding the 
firſt and more ſimple Principles of the mechanical 
Philoſophy, at the very firſt ſtroke attempt the moſt 
difficult Problems, and raſhly enough endeavour to 
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tit.  ſhew how a World, a Planet, or an Animal might be 
„ formed. Theſe are not unlike ſome young Beginners 
A in Gcometry, who before they are well acquainted 

10 with the Elements of that Science, preſently ſet upon 
201i the Quadrature of the Circle, the Triſection of an 

Will Angle by the means of right Lines and Circles, the 

| "dt Duplication of the Cube, and the like: ſo our The- 
bt I oriſts, not having laid a good Foundation, raiſe up | 
400 but a weak Superſtructure: ; whence it is not to be 
lj wondered, if their great Building immediately ſinks, not 
100 without the diſgrace of the Architects. But thoſe 
0 who philoſophize aright, ought to take another courſe, 


| 

i | and proceed in a quite different Method; z and tho" WR 
5 [ll | they do not N to form a World, an Earth or a 
0 Planet, 
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Planet, yet they may be able to lay down a ſure 
Foundation, and firm Principles of the Mechanical 
Philoſophy, and explain the Phenomena, which are 
thence to be deduced. | 
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LECTURE I. 
Of the Solidity and Extenſion of Bodies. 


Ser E. ſhall not here give a Definition of Body, 


taken from its intimate Nature or Eſſence, 


Ne  wherewith we are not perfectly acquainted, 
aw and perhaps never ſhall be: but according 


to a Rule laid down in the former Lecture, we ſhall 


define it by ſome of its Proprieties, that diſt inguiſſ it 
from every other Being whatever. We theretore ſay, 


That a Body is, what is extended, ſolid, and capable of 


Molion. | 
THERE is no one, I ſuppoſe, ſo ſlow of Appre- 
henſion, as not readily to perceive, that every finite 
Body has Bounds or Terminations, which Termina— 
tions we call Superficies, and of theie lome one is 
diſtant from irs Oppoſite ; and again this Superficies 
(ſince it is not infinite) has Extremes, which we call 
Lines, and betwixt which there mult of neceſſity be 
ſome diſtance. And moreover there are Terminations 
of theſe Lines, which we name Points, betwixt 
which alſo there is an Interval. From all theſe Di- 
ſtances taken together, we acquire a diſtinct Idea of 
Extenſion into its triple Dimenſion. For the Diſtance 
betwixt two oppoſite Surfaces of the ſame Body, 
is called its Thickneſs or Depth; the Diſtance be- 
twixt two oppoſite Lines of the ſame Superficies, is 
ſaid to be its Breadth; and the Diſtance betwixt both 
| the 
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the Extremes of a Line, is named its Length. There 
3s no Body that does not partake of this triple Di- 
menſion, and however ſmall we ſuppoſe it to be, it 
011111 35 neceſſary that it ſhould have Length, Breadth, and 
[| Thickneſs: and that which is in a Body, and is de- 

| ſtitute of all theſe, is not a Body, but a Point; nei- 
ther is it a Magnitude, but the Beginning or Termi- 
nation of a Magnicude. 


100 SOLID II v is that Property of a Body, where- 

31118 byy it reſiſts all other Bodies that preſs it on every fide ; 7 
100 and whereby, whilſt it poſſeſſes any place, it hinders 
4 WE all other Bodies from entring into that place, tho' they 


are forced againſt it ever ſo violently. So, for exam- 
ple, if a Body is held betwixt one's hands, tho? it is 
preſſed with ever ſo great a force, it prevents one's 
hands from coming to a mutual Contact. 

THais is that Property, which moſt of the Peri- 
pateticks are wont to call Impenetrability z that is, 
whereby two Bodies are not ſuffered to be in the 
fame place at once, or to penetrate each other: tho? 
I rather chute, with an illuſtrious Philoſopher of our 
Age, to call it Solidity. This Property ſeems to be 
10 Fir ential to all Bodies, that there is no other Being 
in Nature to which it can belong: for tho? there are 
other ſorts of Magnitudes, corporeal Magnitude a- 
lone a'mits of Solidity; all other Quantities, or in- 
deed ſuch as are no Quantities, as Points, can pene- |? 
trate, unite, and be in the ſame place. For it two 
Spheres meet each other, in the place of Concurſe 
there will be a Point of one united with a Point 
of the other, or they will agree, or will be in the 
very ſame Point of Space: So if two Cubes are equal, 
the one may be ſo placed upon the other, that 
two of their ſquare Surfaces may agree; name- 
ly, the Sides of one of the Squares may coincide 
with the Sides of the other Square; and the An- 
gles of one be united with the Angles of the other, 
Whence 
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Lect. 2. Matural Philoſophy. 13 
whence theſe Quantities mutually penetrate each other, 
and are in the ſame place, which is impoſſible to hap- 
pen in Bodies. 7 | 
| You may eaſily perceive, that we uſe the word 
Solidity in a ſenſe very different from that of the Geo- 
meters, who ſuppoſe that Solids may mutually pene- 
trate each other. As, for example, when Euclid, in 
the eleventh Book of his Elements, demonftrates the 
Equality of two Parallelepipedons, placed upon the 
ſame Baſe, and betwixt the ſame parallel Planes; it 
follows, that two different Parallelepipedons ſo placed 
muſt neceſſarily penetrate each other: whence it is 
manifeſt, the Geometers ſuppoſe their Solids penetra- 
ble. The Geometers therefore take the word Solidity 
in a ſenſe different from that of the Philoſophers, net- 
ther do they oppoſe their Solids to penetrable Magni- 
tudes, but to Planes, or Surfaces, to plane Angles, 
and Lines ; for every thing is reckoned ſolid by them, 
that has three Dimenſions. 
Bur the Solidity of Bodies is of another fort, 
which as we have ſaid that it belongs to Bodies alone, 
ſo it is common to every Species of Bodies, whether 
they are fluid, or hard and fix*d, or eaſily moved and 
yielding to any Force, or very heavy, or whether 
they have but little weight, or are. abſolutely light, 
if ſuch Bodies can be in Nature; for a Drop of Water 
or a Particle of Air remaining fixed betwixt any two 
Bodies, does not leſs hinder the Contact of thoſe. 
two Bodies, than the hardeſt Metal or a Diamond 
would do. | | ; 
LAST, By this Property, Body isdiſtinguiſh:d 
from another kind of Extenſion, which we conceive 
to be penetrable, which we call Space, and wherein 
we behold all Bodies to be placed and moved, at the 
ſame time regarding that as immoveable. 
TAI Carleſians, who define Body by its Nature, 
which they make to conſiſt in Extenſion alone, allow 
5 of 
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of no Space or Extenſion that is not corporeal; but 
ſince we have, or at leaſt imagine we have, an Idea 
of Space diſtinct from the Idea of Body; they cer- 
tainly offend againſt the Laws of good Method, who 
place the N ature or intimate Eſſence of Body in any 
of its Attributes, which, we are not ſure, do only 
belong 3 

Bu T the Carteſic fans ſay, that the Nature of Body 


cannot conſiſt in any other of its Attributes, ſince 


neither Hardneſs, or Colour, or Weight, or Figure, 
or Taſte, or any of its ſenſible Qualities, can conſti- 
tute its Eſſence. For all theſe Attributes may be 
taken from the Body, and yet the Nature of Body will 
remain; but take away Extenſion, and the corporeal 
Being is immediately deſtroyed: therefore it is neceſ- 
ſary that the Nature of Body ſhould be placed in Ex- 


tenſion alone. 


Tris is the Argument of Cartes himſelf, tho? 
is unworthy a Puiloſopher ; for nothing can thence be 
deduced, unleſs this, that thoſe ſenſible Qualities that 


he mentions, are not of the Eſſence of Body, and that 7 
Extenſion is an Attribute neceſſary and eſſential to it, 


But what then? Cannot the ſame univerſal Attribute 
agree to two different Species of things? Is it neceſſary 
that all things that have the ſame Attribute, muſt 
have the fame Nature, and Eſſence? If this be ſo, 


there will be no Diſtinction, no Diverſity in things. 
Tho? therefore Space and Body have one and the ſame 


eilential Attribute common to them both, yet they 


are very different things; and there are other eſſential 
Attributes, peculiar to each, whereby they are ſuffi- 


ciently diſtinguiſhed. 

In the firſt place, the above-deſcribed Solidity is 
proper to Bodies only, and ſo eſſential to all of them, 
that you cannot fo much as feparate it from them in 
your Imagination, but at the very fame time you 


geſtroy that very Idea which you had formed of 
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13 
Body: wherefore if the Eſſence and intimate Nature 
of Body is to be placed in ſome one Attribute, Soli- 
dity certainly has a much better pretence to be that 
Attribute than Extenſion; eſpecially when there ſeems 
to be a Being different from Body, which we call 
Space, to which likewiſe Extenſion appertains: at 
leaſt, the contrary does not yet appear. © 
Brs1DES that we have the Idea of this Space 
altogether diſtin&t from the Idea of Body, each of 
them ſeems to be endued with Attributes, not only 
diſt int and proper to themſelves, but ſo contrary, 
that it is impoſſible to imagine they could be inherent 
in the ſame Subject. For we conceive nr er ſolid 
or impenetrable, diviſible and. capable of Motion, 
whoſe Parts may be eaſily diſunited, ſeparated and 
removed from one another to any diſtance whatever : 
one Body may oppoſe another Body that is moving, 
it may ſtop, or at leaſt diminiſh its Motion; a Body 
likewiſe may communicate its Motion to another 
Body that is at reſt, or moves with a leſs force to- 
wards the ſame or oppoſite Parts, and carry it along 
with it. 1 | 
O the contrary, we conceive Space to be that, 
wherein ail Bodies are placed, or, to ſpeak with the 
Schools, have their Ci; that it is altogether pene- 
trable, receiving all Bodies into itſelf, and refuſing 
an Ingreſs to nothing whatſoever 3 that it is immove- 


ably fixed, capable of no Action, Form or Quality; 


whoſe Parts it 1s impoſſible to ſeparate from each 


other, by any Force however great; but the Space 
itſelt remaining immoveable, receives the Succeſſions 
of things in motion, determines the Velocities of their 
Motions, and meaſures the Diſtances of the things 
themſelves. Theſe ſo diſagreeing and repugnant At- 
tributes of Space and Body, it is impoſſible ſhould be- 
long to the ſame Subject. | | 
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TE Cart:/ians perhaps may reply, That this Idea, 


which we have here given of Space diſtinct from Body, 
is altogether imaginary and chimerical, the like to 
which cannot, they ſay, be made to exiſt in the Na- 
ture of things, by any Power whatſoever. But we 
are ready to demonſtrate againſt the Carteſians, that in 
truth there 1s given a Space diſtinct from Body ; or, 
in other words, that Space and Body are not the ſame 
things: but we ſhall firſt of all obſerve, that we do 
not now intend to prove the real Exiſtence of Space 
void of all Body, for that we ſhall do in another 
Lecture; we ſhall at preſent be content, only to ſhew 

the Poſſibility of it. V 
LE T us ſuppoſe then any Veſſel, and let it at firſt 
be filled with Air; then let the Air contained in 
this Veſſel be exhauſted, or, if you will, annihilated 
by a Divine Power, and let all other Bodies what- 
ever be hindered from entring into its place: I would 
now ask, whether in this caſe there is not given a 
Space void of all Bodies? All that Body which was 
within the Veſſel is deſtroyed, the Ingreſs of any other 
Body is prevented, and the Form of the Veſſel is 
ſuppoſed to be preſerved ; it ſeems therefore to be 
neceſſary that a Vacuum, or a Space not replete with 
Body, is given. The Carteſians may anſwer, That 
on theſe Suppoſitions the Sides of the Veſſel muſt fall 
in, and neceſſarily approach one another. But ſince, 
according to the Carte/tans themſelves, no Body can 
move of itſelf ; and ſince, by Hypotheſis, there is 
no other Body that forces the Sides of the Veſſel to- 
wards one another; it therefore follows, that the 
Sides will not approach one another. They will 
ſay, perhaps, that the Air diffuſed every way, and 
preſſing on all hands the Sides of the Veſſel, will 
cauſe that Motion. But ſince the Preſſure of the 
Air is of a finite .Force, the Strength of the Vel- 
ſel may be ſufficient to balance that Preſſure, _ 
: conſe- 
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conſequently its form will be preſerved. But let us 
grant that its Sides may fall in, I demand, what 
Body will ſucceed into their place? (They will an- 
ſwer,) The Air. What Body will poſſeſs the Space 
left by that Air? (Perhaps they will ſay,) More 
Air? But we muſt ſtop ſomewhere, and at length 
come to ſome Body, into whoſe place no other Body 
will ſucceed ; for it is abſurd to go on thus ad infi- 
tum therefore in that caſe, it is neceſſary to ſup- 
poſe a Vacuum. 5 
BurT we ſhall alſo ſhew, by an invincible Demon- 
ſtration taken from Geometry, at leaſt the poſſible 
Exiſtence of a Space void of all Body: towards 
which Proof, we ſhall premiſe the two following 
Aſſertions, or Axioms, whoſe Evidence no Philoſo- 
pier will call in queſtion. The firſt is, That no Body 
or Portion of Matter ſtands in need of the Exiſtence 
of another Body, in order to its own Exiſtence, As, 
for example, a Sphere may exiſt, whether any other 
Bo ly exiſts or not: this evidently follows from the 
Nature of Subſtance. Sccondly, Any Body, eſpe- 
cially if it be hard, can preſerve its Figure, if there 
are no external Bodies or no Agents, which endea- 
vour to induce an Alteration in it. Certainly it mult 
be confeſT:d, that God can preſerve any Body in the 
ſame State and Poſition ; and whatever may happen 
externally, he can notwithſtanding continue the Fi- 

gure of that Body immutable. 
S1NCE therefore one or two Spheres may exiſt, 
without the Exiſtence of any other Bodies; let us 
ſuppoſe all other Bodies, except two Spheres, to be 
annihilated by God; or rather let us ſuppoſe all the 
Matter in the Univerſe to be amaſſed into two 
Spheres, which may be repreſented by two Circles, 
whoſe Centers let be A and B: and ſince no other 
Body is ſuppoſed to exiſt, thoſe ſpherical Bodies may 
preſerve their Figure, ther: being no other external 
Body 
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Body either to deſtroy or alter it. Theſe two Spheres 4 

then are either contiguous or diſunited; if they are jr 

disjoined, there will be an intermediate Space replete n 
with no Body, and therefore all Space is not Body: 9 

But if theſe Spheres touch one another, it is neceſſary 5 
that they touch one another in one Point only, by the  F 
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Elements of Geometry: therefore betwixt the other 
Points of the Spheres there is ſome diſtance, that is, n 
ſome Space will lie between. For out of the Point of g 
Contact let there be taken any two Points, as D and js 
E ; if betwixt theſe Points there is no Space, that is, c 
no Diſtance, theſe Spheres will touch one another 1 in 
theſe Points, which is impoſſible. 1 
AGAIN, That there is a Space void of all Body, 1 
may be thus ſhewn. Let us ſuppoſe two Spheres, in 
which all the Matter of the Univerſe is accumulated, 
and that theſe two Spheres are equal; in both which 
let be accommodated the right Lines CD, CE, each 
equal to the Semidiameter of either Sphere, join 
DE; this right Line will be equal to the Semidiame- 
ter of one of the Spheres. For, draw AD, BE, and 
becauſe in the equilateral Triangles ACD, BCE, the 
Angles ACD, BCE, are each the third part of two 
right Angles, the Angle DCE will be equal to the 
third part of two right Angles ; for all the Angles at 
the Point C, make two right ones: whence ſince DC, 
CE, are equal, the Angles CDE and CED will be 
likewiſe equal; but taken together, they make two 


Thirds of two right Angles : wherefore each is on 
thir 
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third part of two right Angles, whence the Triangle 
DCE is equi- angular; and conſequently, DE will be 
equal to the Semidiamer of each Sphere, nor in this 


caſe can it be more or leſs. In like manner, betwixt 
any other Points of the Spheres, out of that of Con- 


tact C, there will be ſome Diſtance, having a determi- 
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nate Ratio to the Diameter of the Spheres ; and there- 
fore there will be betwixt theſe Spheres a certain and 
determinate Space, not replete with Matter: but 
into that Space may be admitted a Body, whoſe Di- 


megnſions agree with theſe Diſtances; but what has 


greater Dimenſions, cannot by any Power whatever 
be placed within that Space. Whence, ſince theſe 
Properties demonſtratively agree with the Space here 


' ſpoken of, and that Space may really exiſt, tho' 


no one ſhould think at all, it evidently follows a- 
gainſt the Carteſians, that the Idea we have of Space, 
is not chimerical or imaginary ; for what is chimeri- 
cal, can have no Exiſtence out of the Intellect. 

W x conclude therefore, that there is in reality a 


9 8 Space diſtinct from all Body; which is as a univerſal 
heres, in 


mulated, any thing poſitive, actually extended in itſelf, and en- 


th which 


dued with real Dimenſions, or whether its Exten- 


E, each ſion ariſes from the Relation of Bodies exiſting in it, 


Receptacle, wherein all Bodies are contained and mov- 
ed. But what is the Nature of this Space, whether it is 


ſo that it may be a mere Capacity, Ponibility, or 


nterponibility, as ſome love to expreſs themſelves, 


BE, and _ 
CE, the 


and to be reckoned in the fame Claſs of Being with 
Mobility and Contiguity ; or whether this our Space 
is the divine Immenſity itſelf, which is through all 
and in all, or whether it is created or uncrcated, 


finite or infinite, dependent or independent on God 
theſe things we do not here enquire into, but leave 
them to be diſputed by the Metaphy ſic ians. It 
ſerves our turn to be able to explain ſome of its 
Properties, and to ettabliſh and demonſtrate its Di- 
Ss ___ Tinction 
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ſtinction and Nature to be different from that of 
Body: They who would have more, may conſult the 


Philoſophers. 


LECTUR E III. 
Of the Diviſubility of Magnitude. 


05 N V= LTHOUGH it may be demonſtrated by 

f N 5 many Arguments, that Space is really di- 

A \E ſtinct from Body, and we have already pro- 
SAS = duced ſome, that ſeem to be unanſwerable 3 
yet both theſe things agree in this, that Extenſion is a 
univerſal Attribute, neceflarily and eſſentially belong- 
ing to both of them. Before therefore we proceed 
any farther, it may not be foreign to the purpoſe to 
explain ſome general Affection of Extenſion ; as, for 
example, its Diviſibility. 

TAIS Property of Extenſion appertains and ne- 
ceſſarily adheres to all Species of Magnitude, as well 
to Lines as Surfaces, and as well to Space as to 
Body. By Diviſibility we would nor here be under- 
{ſtood to mean an actual Separation of Parts from one 
another, which ſuppoſes Motion, which indeed the 
Nature of Space does not admit, nor do the De- 
monſtrations borrowed from Geometry prove ſuch a 
Separation; but the Diviſibility that we here endea- 
vour to evince, is only the Reſolution of any Mag- 
nitude into its Parts, or their Diſtinction and Aſ- 
ſignment. As, for example, when Euclid, in the 
ninth Propoſition of his third Book, teaches how to 
cut a rectilinear Angle into two equal Parts, he does 
not in that Method undertake to ſhew, how one of 
rhe equal Parts being ſeparated from the other, re- 
cedes 
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cedes and is placed from it at a given Diſtance ; bur 
only delivers a Method, whereby a Line may be 
driwn, dividing the Angle in ſuch a manner into 


that the Angle which lies on one 
ſide of this Line, ſhall be equal to the Anale that 
lies on the other ſide the ſame Line. So lik wiſe 

when, in the following Propoſition, he teaches how 
to biſect any right Line, he only ſhews how to aſſign 
a middle Point, dividing the given right Line into 
two equal Parts, which Point is the common Ter- 
mination of bot h the Parts; namcly, where one of 
the equal Parts ends, and the other begins. This 
Reſolution of Magnitude into its Parts, is fo inti- 


two other Angles, 


mate and eſſential to it, as that which has no Pärtz, 


as, for inſtance, a Point, is not fi to be a Magni- 
rude, but the Beginning or End of Magnitude : nor 
can any Magnitude be produced by any Number of 
Points, tho” infinite 3 for every Magnitude is not 
compounded of Points but Parts, that 18, Other 
Magnitudes of the fame kind, wher-of every one is 
conſtituted of other Parts, and cach of theſe is fill 
made up of others, and fo on ih infiinium: nor can 
we ever arrive at a Magnitude fo ſmall, but it may 
be yet farther divided into Parts; nor is there given, 
e3 of Magnitude, an abſolute Minimum, 
but have | is divided, is ſtill farther divifible into 
Parts. This conſtant farther Reſolution of Matter 
the Philoſophers called its Digiſibi- 


922 


lity in inſnitum; and that very truly, ſince there can- 


not be aſizned any Qu antiry of Matter to minute, and 
any finite Number fo great, bat that the Number of 
Parts compoling that Mi 25 igni: ude, that is, into which 


it may ber: volved, tall 95 greater than that Num- 
ber, how large ſoever it be: "for We call that lufinite, 
= which exceeds any Finite. 


Bur becaule this infinite Dini ity of Matter 
can be demonſtrated by Arguments! taken from Geo- 
| | S 2 metry, 
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metry, and ſince there are now-a-days ſome Philo- 1 
ſophers who attempt to baniſh Geometry out of 
Phyſicks, by reaſon they are ignorant of that divine 
Science; and as theſe Gentlemen would be reckoned 
amongſt the moſt Learned, they leave no means un- 
tried, whereby, tho in vain, they may overturn the 
Force of theſe Demonſtrations: It will be therefore 
neceſſary, before we produce our Geometrical Argu- 
ments, to eſtabliſh their Strength, and to anſwer A 

ſome Objections, | 
As amongſt the Philoſophers of this Claſs, the 
famous Jobn Bajtiſt du Hamel, the Author of the 
Burgundian Philoſophy, is of the greateſt Eminence; 
we ſhall produce his Opinion on this Subject. He 
ſays then, that Geometrical Hypotheſes are neither I 
true nor poſſible, ſince neither Points, nor Lines, nor 


Surfaces, as the Geometers conceive them, do trul 


exiſt in the Nature of Things; and therefore that the 
Demonſtrations that are produced from theſe, cannot 
be applied to things actually exiſting, when none of theſe 
exiſt any where but in our Ideas. He deſires therefore 

the Geometers to keep their Demonſtrations to them 
| ſelves, and not to make uſe of them in Philoſophy, | 
becauſe, according to him, they ſpread over this 
Science not Light, but Darkneſs, I admire at the Un- 


skilfulneſs of this otherwiſe moſt Learned Perſon, in 
this Affair: he might certainly with the ſame Juſtice 


take away all Phyſical Suppoſitions whatſoever, fince 
Geometrical Hypotheſes are equally certain and e- 

qually poſſible and real, as are thoſe, which he calls 
Phyſical. Certainly if Body exiſts, there muſt of ne- 
ceffity exiſt rea] Points, real Lines, and real Surfa- 
ces, even ſuch as are conceived by the Geometers; as 
we can eaſily make appear, For if Body be given, 


that, fince it is not infinite, has its Terminations; 
but the Terminations of Body are Surfaces, and 
thoſe Lerminations have no Depth; for if they had, 
they 
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me Philo- 1 hey would thereby be Bodies, which Bodies would 
y out of have ſtill other Terminations, which would be Sur- 
82 1 faces, and therefore there would be a 3 
reckoned of a Superfiries, Either then this Superficies is de- 
neans un- 


erturn the 
therefore 


cal Argu- 
O anſwer 


Claſs, the 
or of the 
minence; 


ect. He 


e neither 
LINES, nor 
do trul 


ſe, cannot 
ne of theſe 


therefore 


to them 
111oſophy, "0 


over this 
t the Un- 
3 {{ - 
Perſon, in 
ne Juſtice 
ver, lince 


n and e- 


he calls 


uſt of ne. 


al Surfa- 
1eters ; as 
be given, 
matlons; 
ces, and 
hey had, 

they 


ſtitute of all Depth, or not: if the firſt, we have 


what we require; if the latter, we come again to 
another Superficies, and ſo we ſhould proceed in in- 
nitum, which is abſurd. Wherefore we muſt con- 
clude, that thoſe Terminations are deprived of all 
Depth, and are therefore true Surfaces, and as they 
are conceived by the Geometers without any Depth, 
or ſuch as have only Length and Breadth to conſtitute 
their Eſſence. 5 


As AI N, Since this Surface is not infinite, it is 
likewiſe bounded by its Terminations; but thoſe 
Terminations are called Lines, which have really no 


-# 


Breadth: for otherwiſe they would be Surfaces, 
e that the 


and would have alſo their Terminations, which we 
ought ro conceive. at leaſt deſtitute of all Breadth 3 
for, as we ſaid before, there cannot be given a Pro- 
greſſion in infinitum ; whence there are really given 


Lines, which are only extended in Length, without 
any Breadth. After the ſame manner, Lines alſo 
nave their Terminations, which are called Points, to 
which belong neither Length, nor Breadth, nor 
Depth. Wherefore if Body may be ſuppoſed to exiſt, 
it neceffarily follows, that Geometrical Surfaces, 
Lines, and Points, may be ſaid not only as poſſible to 
de, but alſo to be actually exiſting. . 
Bor it will be anſwered, That theſe Points, 
Lines, and Surfaces are not material, What then? 
Who ever aſſerted that a Mathematical Point was 
Matter? Who ever fancied a material Superficies? 
© If it was material, it would have its Superficies or 
Termination: but the Superficies of a Superficies, 
= who ever imagined? However, tho' neither Sur- 
© faces, nor Lines, nor Points are real Matter; yet 
- | E=x | | they 
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they exiſt or may exiſt in it, as its Modes, Termina- 
tions, or Accidents: juſt after the ſame manner, as 


Figure is not Body itſelf, but only its Affection, 1} 
whereby it is contained under given Terminations, = Lc 
and this has real Properties wholly diſtinct from thoſe a 


a2 
of Body. b 
AN Þ again our ungeometrical Philoſophers may 
object, That there is not in Nature a perfectly plane 
Superficies, a Body perfectly ſpherical, Wen as the 
Geometers feign, nor any Curve perfectly circular. 
But how come they to know all this? Have they t 
ſeen all the Bodies that are in the Univerſe, and {1 
view'd them thro? a Microſcope ? Perhaps they wil 1 
: 

| 


Hg at . N So eu 


ee 
ey RA OO 2 


_ N * — 
— — — - — —— 8 
” — — — a — 
— ” — 5 
— — = — — —ä—ñ— —— — — 2 6 I — — . 
OE * 2 — — — —2 — . — 2 * _ —— 4 l 
- SENT A — —— — - > —_— _ — — — — 
432” +, AZ LORE 4 - 3 " — 7 1 — — . 
— — — « — — — — — — — — ir 
- — 7s 77 — — 2 * 1 => >< Ye — — 
porn LPs s £ — =; * - IIS 
———-—-— = _ o 7 * 2 
— —— — 1 hr. 10, 7 . — — — — k — 
— —— — — 
— oh K — —— abies — — — 


6,06 
- 9 — 


2 7 
r 
— — 8 - 
— — — 
8 —— 
— Pe args — — 
= — 


— — — 
- 2 — — — 
— U—— 2 — 


ſay, that a Superficies cannot be plane or ſpherical, 

becauſe in theſe Figures there is a Contradiction and 
an Impoſſibility. But we deſire they would be 

Pleaſed to make out this Contradiction: All Bodies 

of neceſſity are terminated by ſome Figure, plane or 

ſpherical Surfaces are the moſt ſimple and eaſieſt to 

be conceived of any; where then lies the Repugnancy, 

that it ſhould be impoſſible for a Body to be con- 

tained under thcle Surfaces? I believe there 3 

no one who is acquainted with the Elements of Geo- 
metry, but perceives more the Nature and Properties 

of theſe Figures, and knows more of their Affections, 

than all the Philoſophers of this tort put together: 

but none of thoſe cv-r found any Repugnancy in 

theſe Figures; no G-ometer ever ſuſpected theſe 

Contradictions in the Nature of Figures: on the 

contrary, fo many beautiful] Properties of thoſe Fi- 

gures diſcovered and demonſtrated by the Geometers, 

evince their Poſſibility, for of an impoſſible thing 
there can be no real Property, no Demonſtration, 15 

It remains therefore, that they acknowledge theſe 

Figures as poſſible; and if they are poſſible, it is in 

the power of God to form out of Matter, Bodies 

having ſuch Surfaces. Let Us there fore ſuppoſe 
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two Bodies, whereof one is terminated by Planes, 
the other by a ſpherical Superficies; if therefore the 
ſpherical Superficies is placed on the Plane, it will 
rouch it; but it will touch it only in one, and that 
an indiviſible Point, or in a Point that has no Parts, 
by Cor. Prop. 2. El. 3. and therefore in that caſe there 
will be given a true Point. But farther, let us ſuppoſe 
this ſpherical Body to be moved on the plane Super- 
ficies, or to be carried along without any Rotation 
about its Axis, inſomuch that the Point touching 
the plane Superficies may be always found in the 
ſame Plane, then the Tract which that Point de- 
ſcribes by its motion, will be a Mathematical Line, 
without any Breadth: and if the Diſtance betwixt 


any two Points in that Plane is the ſhorteſt, there will 


be generated by that Motion a right Line; but if 
otherwiſe, either a Curve, or one compounded of right 
Lines, or partly of theſe and partly of thoſe, will be 
deſcribed. Points therefore, Lines, and Surfaces, 
even ſuch as the Geometers conceive or feign, are 
poſſible 3 which was to he ſhewn. And their Poſt- 
bility may be demonſtrated after innumerable other 
ways; but we are weary of dwelling on theſe Tri- 
fles. We ſhall only farther obſcrve, that the Diſtance 
betwixt any two Points of two Bodies, will be their 
given and determinate Diſtance: As, for example, 
the determinate Diſtance betwixt the Centers of the 
Sun and a fixed Star, is that which 1s meaſured by 
a right Line lying betwixt thoſe two Points; which, 
of all the Lines that can be drawn from one Point 
to the other, will be the ſhorteſt, and paſſed over in 
the leaſt rime with a given Velocity : this Diſtance, 
Ifay, will remain the ſame, whatever ſhall] happen 
to be the Figure of the intermediate Body, whether 
it is bounded by Planes, or contained under ſpheri- 
cal Surfaces, or laſtly if there ſhould be no inter- 
mediate Body, and nothing but Space lie betwixt 3 


the 
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the Line will remain the ſame in Magnitude and 
Poſition, as long as the Centers of the Bodies remain 
unmoved. 

Ha v1NG now ſettled theſe Principles, we return 
to our Purpoſe; which was to demonſtrate that all 
_ Extenſion, whether corporeal or incorporeal, was 
diviſible in infinitum, or had an infinite Number of 
Parts; which we ſhall endeavour to prove by many 
invincible Arguments. Of which, this ſhall be the 
firſt: Let AB repreſent a right Line, I ſay it is di- 
viſible into Parts exceeding any finite Number what- 
ever. 


i [ a 
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TrHRrouGH A let be drawn any right Line AC, 


and parallel to it let be drawn through B the right 
Line BD, and in AC let there be taken any Point, 
as C: if therefore the right Line AB is not diviſible 
into an infinite Number of Parts, let it be diviſible 
only into a finite Number of Parts; and let that 
Number, for example, be ſix. In the Line BD on 
the fide oppoſite to C, let there be taken any Num- 
ber of Points exceeding ſix; for example, the Points 
FE F, „ . K.. and let there be drawn by the 
firſt Poſtulate of-- Fuchid, CE, F, CG. CH; CI: 
CK, CL. Theſe thus drawn, divide the right Line 
AB into as many Parts as there are right Lines; for 
if they do not, then ſome of the right Lines inter- 
fect AB in one and the ſame Point: but all of them 
interſect one another 1 in the Common Point CG whence 
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ſome two right Lines will cut one another twice, or 
remain vill have the ſame common Segment; both which is 
| E” contrary to an Axiom in the Elements. AB is there- 
fore divided into as many different Parts, as there 
' are right Lines; but there are as many right Lines, 
as there were Points taken in the right Line BD: 
y herefore ſince there were taken more Points than 
© fix, the right Line AB is diviſible into more Parts 
than ſix. After the ſame manner, how great ſoever 
the Number aſſumed ſhall be, it may be ſhewn that 
the Line AB is diviſible into a Number of Parts 
greater than that Number; namely, by taking in 
the right Line BD a greater Number of Points, 


(which may be eaſily done, ſince no finite Number 


is ſo great, but a greater may be aſſumed, and that 


in any given Ratio of a greater Inequality) and by 


drawing right Lines from the Point C to the Points 


taken in the right Line BD: for theſe right Lines 
will divide the right Line AB into as many Parts, 
as there are right Lines, and therefore into more 
Parts than the Number firſt aſſumed (how great ſo- 
ever it was) contains Units; and conſequently the 
right Line A B is diviſible into more Parts than can 
be expreſſed by any finite Number, and therefore it 
is diviſible in inHnitum. Q; E. D. 

TEE ſecond Argument. Let AB repreſent any 
right Line, I ſay it is diviſible into an infinite 


Number of Parts; for if it is not diviſible into an 
infinite Number of Parts, let it be diviſible into a2 
finite 
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finite Number of Parts; and let that Number be, 3 4 
for example, five. Let any right Line A K be drawn, 
making any Angle with A B, and in it, produced if 
neceſſary, let there be taken as many Points as you 
pleaſe above five, which let be C, D, E, F, G, H, K 


join K B, and through the Points C, D, E, F, G, H, 
let right Lines be drawn parallel to K B: theſe wil! 


neceſſarily divide the right Line AB into as many 


Parts as there are right Lines; for if they do not, 


more right Lines muſt concur in one and the ſame 


Point: but they cannot concur, ſince they are pa- 
rallel; whercfore each right Line will interſect the 
right Line AB in a different Point, and all will di- 
vide the right Line A B into as many Parts, as there 
But there were 
more drawn than five, therefore the right Line AB 7 
will be divided into more Parts than five, And the 
| ſame may be affirmed of any other Number. Where- 
fore no Number is ſo great, but the Number of 
Parts the right Line is diviſible into, is {till greater; 


were right Lines drawn parallel. 


and conſequently the right Line AB is diviſible in 
infinitum. 

TuIRDILö v, If Quantity is not diviſible in infini- 
tum, it muſt be diviſible into Parts, that are not far- 
ther diviſible ; but there 1s no Part thar cannot be 
ſtill farther divided, becauſe there can be given no 

uantity ſo ſmall, but there may be ſtill taken a 
ſmaller, and that in any given Ratio of leſſer Inequa- 
lity. For let AB bea right Line, and let AC be 
an exceeding ſmall Part of it; I fay, there may be 
a Line leſs than AC in any Ratio of leſs Inequality, 


as, for example, one to three. From the Point A 


draw any right Line AD, and in it let be taken the 
equal right Lines AE, EF, FG; join GC, and 


through E draw EF parallel to GC, the right Line 


AH will be a third partof AC: The Demonſtration 


thereof is manifeſt from the ꝝintb Propoſition of the 
| fixtb 
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ſirth Book of the Elements, And therefore the right 
Line AC will not be the leaſt that can be taken. The 
ſame may be demonſtrated of any right Line what- 
ſoever; conſequently there is not in Nature an abſo- 
luute Minimum. = Es 
> Acain, If Quantity was compos'd of Indiviſi- 
bles, many Abſurdities would thence follow: for let 
there be, for example, two concentrick Circles, 
ABCD, EFGH, and let the Circumference of the 


4 
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'N greater be divided into its indiviſible Parts, and let 
be drawn from the Center Q to each of theſe Parts, 
5 1 the 
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the right Lines QOM, QP N, which will divide 
both the Circamferences into an equal Number of 
Parts, but the greater Circumference AB CD was 
divided into its ſmalleſt Parts; and therefore the leſs © 
Circumference E F G will conſiſt of as many Indivi- 

ſibles, or ſmalleſt Parts poſſible, as the greater Cir- 
cumference AB C: And conſequently ſince an Indi- 
viſible is equal to an Indiviſible, the Circumference 


EF GH will be equal to the Circumference AB CD, 
a leſs to a greater, which is abſurd. | 


LAS I v, From this Compoſition of Quantity of 


Indiviſibles, there can be no incommenſurate Magni- 
tudes; which is contrary to what the Geometers 
frequently demonſtrate, For if all Magnitude con- 


ſiſted of Indiviſibles, an Indiviſible would be an 


adequate and common Meaſure of all Magnitudes of 
the ſame kind; for it would be exactly contained 
ſome number of times in all, and therefore all Mag- 
nitudes would have a common Meaſure, and the Side 
of a Square would be commenſurate to its Diago- 


nal; contrary to the laſt Propoſition of the tenth Book 
of Euclid*s Elements. 


THERE might be innumerable other Demonſtra- 


tions produced, to ſhew the infinite Diviſibility of 


Quantity, and entirely to overthrow the Hypotheſis 
of Indiviſibles. But what occaſion is there for more? 


ſince the Arguments hitherto alledged, have not leſs 


force to compel the Aſſent, than any Demonſtration 


in Euclid's Elements; infomuch that it is as impoſſible 


to weaken them, as to deſtroy the Fundamentals of 
Geoinetry, which no Age or Sect of Philoſophers 


has been ever able to effect. 


THAT therefore the Philoſophers may avoid the 
Force oi theſe Arguments, they diſtinguiſh betwixt 
a Mathematical and a Phyfical Body, Being com- 
pelled by the Force of D-monſtration, they readily 
allow a Mathematical Body may be diviſible i inf. 
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31 
nitum; but they deny that a Phyſical Body can be 
always reſolved into till farther diviſible Parts, But 
what, I would know, is a Mathematical Body, but 
ſomething extended into a triple Dimenſion ? Does 
not Diviſibility belong to a Mathematical Body, by 
reaſon it is extended? But a Phyſical Body is ex- 
tended after the ſame manner: wherefore ſince Divi- 


ſibility depends on the Nature and Eſſence of Ex- 
tenſion itſelf, and owes to it its Origin, it is neceſ- 
ſar 


that it muſt agree to all Extenſions, whether 


Phyſical or Mathematical. For, to uſe a Logical 
Expreſſion, whatever is predicated of any Genus, is 
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predicated of all the Species contained under that 
Genus. 
 THzx x is yet another Diſtinction amongſt the 
Philoſophers, not unlike the former; whereby they 
own that every Body is mathematically diviſible in 
inſinitum, but they deny that it is phyſically ſo, If 
theſe Words have any Meaning, it is certainly this: 
They acknowledge that a Body is mathemarically, 
that is, really and demonſtratively, diviſible 2u infi- 
nitum, but they deny it to be ſo phyſically, or accord- 
ing to their falſe Hypotheſis * and ſo they have a Di- 
ſtinction, againſt which nothing can be replied. 

Buer becauſe the Philoſophers, againſt whom we 
diſpute, are not acquainted enough with Geometrical 
Demonſtrations, and therefore do not eaſily perceive 
their Evidence; before we end this Lecture, we 
ſhall produce one Phyſical Argument taken from 
Motion, for the infinite Diviſibility of Quantity: 
namely, If Quantity conſiſted of Indiviſibles, it 
would follow, that all Motion would be equally 
ſwift, nor would a ſlow Snail paſs over a leſs Space 
in the ſame Time than the ſwift-footed Achilles. For 
let us ſuppoſe Achilles to run very ſwiftly, and the 
Snail to creep ſluggiſhly along; if Extenſion: con- 


A ſiſted of Indiviſibles, the Snail could not in any given 


Time 


32 An Introduction to 


Time paſs over leſs Space than Achilles: for if in a 
Moment's Time Achilles paſſes over an indiviſible Space, 
the Snail cannot in the ſame Moment of Time paſs 
over leſs Space; by reaſon, from the Hypotheſis, 
there cannot be a leſs. For one Indiviſible cannot be 
leſs than another, therefore it will paſs over an equal 
Space. The ſame may be ſaid of any other Moment 
of Time: Therefore the Spaces paſſed over by them 
both will be equal; and conſequently the ſwift-footed 
Achilles cannot paſs over more Space than the ſloweſt 
Snail: which is abſurd. Other Abſurdities of the 
like ſort, may be deduced from the fame Hy potheſis 
of Indiviſibles ; but what we have already ſaid, is 
ſufficient, | 
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LECTURE IV. 


Wherein the Objections uſually brought 


againſi the Diviſibility of Matter, 


are anſwered 


E have hitherto produced ſuch Arguments, 
as by their help we have ſufficiently demon- 
JVING ſtrated the continual Diviſion of Matter into 
an infinite Number of Parts: it now remains, 
that we anſwer to the Objections or Cavils of the 
Philoſophers. For there are not a few of them, 
who labouring under I know not what Obſcurity of 
Ideas, and not clearly enough - perceiving the Evi- 
dence of the Arguments we have here made ule of, 
produce Arguments of their own againſt a thing fo 
manifeſtly true, and to which they are alſo pleaſcd 
to give the Title of D2monſtrations. But as I have 
peruſed 
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peruſed many of their Books, I never lit on an; 


thing in all their Writings upon this head, that had 
ſo much as the very Appearance of Reafon they 
were ſo far from coming up to Demonſtrations, that 
no Geometer, however clear-ſighted he was, could 


ever perceive in them the leaſt Shadow of a Demon= 


ſtration. I acknowledge there is ſomething in the 
Nature of Infinites, that ſeems not to be adequately 
comprehended by the human Intellect; and there- 


fore it is no wonder, if ſome things follow from it, 
which the Mind of Man, involved in thick Darkneſs, 


is not able to conceive : and eſpecially in our preſent 
Queſtion, there are many things that may ſeem as 
Paradoxes, and incredible, to ſuch Philoſophers who 
are leſs converſant in theſe Matters, However, no- 
thing thence follows, that implies either a Coatra- 
diction, or 1s repugnant to any Axiom or Demon- 
ſtration. Bur let us conſider the Cavils produced by 
the Atomical Philoſophers. The firſt is that of Epi- 
curys : If Quantity was diviſible in infinitun, it would 
contain an infinite Number of Parts, and ſo a Finite 
would contain an Infinite, which is abſurd. But I 
defire they would explain their Terms, and tell us 
what they mein by theſe words, An Infinite cannot be 
contained by a Finite. If they ay an infinite Magnitude 
cannot be contained in a finite Magnitude, I acknow- 
ledge it; but the contrary to this does not follow from 
our Doctrine, nor can they thence ever deduce it by a 
neceſſary conſequence. If they ſay that an infinite 
Number of Parts, and thoſe infinitely ſmall, cannot be 
contained in a finite Magnitude, this is the very 
thing they ought to make out. They would not, I 
ſuppoſe, have us believe their Affertions without any 
Proof; nor would they place amongſt the Axioms, 

as a 6 Propoſition, ſuch a one, as we have 
demonſtrated by ſo many ſtrong Reafons the contrary 


10 be true. They may therefore urge, that an infi- 
D nite 
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nite Number of Parts muſt compoſe an infinite Mag- 


nitude: but this is again to beg the queſtion; for 


that is the thing itſelf about which we diſpute, viz. 


Whether a finite Magnitude can have an infinite 
Number of Parts? It is certain, whatever Number 


of Parts it has, whether finite or infinite, they are | 


equal to their Whole; for as ten tenth Parts of an 


Unit make an Unit, an hundred hundredth Parts of | 
an Unit taken together do likewiſe compoſe an Unit, 
and a thouſand thouſandth Parts collected in one | 
Sum cannot be greater than the Whole; ſo likewiſe | 


the infinite infiniteſimal Parts of any Magnitude are 

equal to that Magnitude. Or thus: Let the right Line 

A B be divided into an hundred Parts; all theſe taken 
A * 


—— 
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together will be equal to AB. And after the ſame 


manner, if the right Line AB be ſuppoſed to be 
divided into a thouſand Parts, theſe thouſand Parts 
taken together will compoſe a Magnitude neither 
greater or leſs than the right Line AB. Or again, 
if the right Line A B be divided into a million of 
Parts, theſe taken together will be equal to AB the 
Whole. And univerſally, if there be taken two 


Magnitudes AB and C, ſo that C ſhall have the 


ſame Ratio to AB, as a Unit has to any Number N, 
the Quantity C multiplied by the Number N will 
be equal to AB. For ſince the Quantities C, AB, 


Unity and the Number N. are Proportionals, the 


Extremes and the Means multiplied into each other 
will be equal; but ſince AB multiplied by a Unit 
is equal to AB, (for a Unit neither increaſes by 
Multiplication or diminiſhes by Diviſion) the Quan- 
tity C multiplied by the Number N, will be equal to 


| AB: therefore however great or ſmall the Number N 


15, 


great, before they can exceed any given 


are infinite in Number, will make a finite 
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is, this multiplying the Quantity C will always make 
a Product equal to A B, if the Quantity C be ſo 
taken, that it has the ſame Proportion to AB, as 


Unity has to the Number N. And therefore if N 


is an infinite Number, and C the infiniteſimal Part 
of the right Line A B, that is, the Quantity C has 
the ſame Ratio to AB, as a Unit has to an infinite 
Number N; alſo the Quantity C e 5 by an 
infinite Number N, that is, taken an infinite number 
of times, will be equal to the Quantity AB, nor as 


it can be greater, neither can it be Jeſs. If therefore 


the Magnitude of the Parts is diminiſhed in the ſame 
Ratio as their Number is increaſed, the Whole made 
up of all theſe Parts will remain the ſame : nor ought 


any Quantity to be meaſured from the Number of its 


Parts, but from their Number and Magnitude con- 
jointly ; ſo that if the Parts are infinitely ſmall, it is 
neceſſary that their Number ſhould be infinitely 
uantity. 
But beſides, there may be many Examples brought 
both from Arithmetick as well as Geometry, where, 
by the confeſſion of our Adverſaries themſelves, the 
Number of Parts will be infinite, but the Magnitude 
compoſed of thoſe Parts ſhall be finite. Let the 
firſt Example be a Series of Numbers decreaſing in 
any proportion, which ſhall be equal to a finite 
Number, as, for example, 2, 4, 3, 16, Ic, dt, Sc. the 
Sum of this Series continued in infixitum will be 
equal to a Unit ; but ſince the Series 15 continued 


in inſinitum, its Terms will be infinite in Number: 


wherefore in this caſe the Parts of a Quantity, that 
uantity. 
And in like manner the Sum of this Series, 3, 5, 27, 
ir, Sc. when continued ix infinitum, will be equal 
to half an Unit, as may be demonſtrated by Arith- 
metick. But nobody will deny, that this Series, 
being continued in inſinitum, has an infinite Num- 

— 2 I | ber 
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ber of Parts ; wherefore there may be an infinite 
Number of Parts of a Quantity, which however 
ſhall not exceed one half of an Unit. Ard in Geo- 
metry it is known that there may be given a Space 
infinitely long, which however ſhall be exactly equal 
to a finite Space; and this in an infinite number of 
Examples has been demonſtrated by the famous Geo- 
meters, Torricellius, Wallis, Barrow, and others; from 


whom we ſhall produce a few Inſtances. And firſt 
of -all, let the Curve ABCD be of ſuch a nature, 
that if there are taken in the Aſymptote EH the 
equal right Lines EF, F G, GH, or the right Lines 


EF, EG, EH are ſuppoſed in Arithmetical Pro- 
portion, and to the Points E, F, G, H, are applied the 
Ordinates AE, BF, CG, DH, which Ordinates let 


be in a Geometrical Proportion: the Curve AB CD is 
call'd the Logarithmetica] Curve, and the endleſs Space 


contained betwixt the Aſymptote and the Curve in- 
finitely produced, will be equal to a finite Space, as 


is demonſtrated by the Great Dr. Barrcey in his Geo- 


metrical Lectures. Whence may be ſhewn the above- 
mentioned Property of Numbers decreaſing in any 
Geo- 
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Geometrical Proportion, But that we may apply 
this to our preſent Purpoſe 3 nobody will deny that 
there are, in the boundleſs Space HGFE ABCD, 
which is infinitely long, an infinite Number of Parts, 
but the Geometers demonſtrate - all thoſe Parts to be 
equal to a finite Space; wherefore there are ſome 
Parts of Space, tho? infinite in Number, yet they do 
not make an infinite, but a finite Space. After the 
ame manner, in all Hyperbolas, except that of Apol- 


{-::i5, the Area contained betwixt the Curve and 


e Aſymptote infinitely produced, will be perfectly 
0.i2drable, and equal to a finite Area; but in all 
th-ſ2 Areas there are an infinite Number of Parts, 
wherefore an infinite Number of Parts will be equal 
to a finite Quantity. Beſides, in the Apollonian Hy- 
perbola CAB, although the indeterminable Area 
contained betwixt the Curve AB and its Aſymptote 


EF produced in infinitum, is an infinite Area, or 


B 


* 
greater than any finite one; yet if that infinite Area 


revolves about its Aſymptote, it will thereby gene- 


rate a Solid, or Body truly infinitely long, which 
however will be equal to a finite Solid or Body; as 
* has 
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has been moſt elegantly demonſtrated by Torricellins, 


who called this Solid, Hyperbolicum acutum : but in 
this Solid there are an infinite Number of Parts, 
ſince it is infinitely long; therefore the Parts of a | 
Body infinite in Number, may compoſe a finite Body. | 
We might produce innumerable other Examples of 
this, but we have perhaps beſtowed too much time 


in anſwering this Objection. 


 SECONDLy, The Atomiſts object, If all Quan- 
tity is diviſible in infinitum, any the leaſt Magnitude 
will be equal to the greateſt, ſince the leaſt has as 
many Parts as the greateſt. But what conſequence, | 
I pray, is this? Becauſe a Yard may be divided into 
an hundred Parts, and a Foot may be likewiſe divided 


into the ſame number of Parts, therefore does it 


follow that a Foot is equal to a Yard ? But there 


can be nothing found more alike, than this Way of 
Argumentation and the preſent Objection; which 
is grounded on a moſt falſe Hypotheſis, which ſup- 


poles that Magnitudes are to be meafured by their 


number of Parts alone, without any regard to their 


Quantity. | 1 
TE v farther object, If a Foot may be divided 


into infinite equal Parts, and a Yard may be ſo divi- 


ded, that every Part of the Yard may be equal to 
one of the Parts of the Foot, the Number of Parts 
in the Yard will be triple the Number of Parts in 
the Foot; whence ſince the Number of Parts in the 
Foot is infinite, the Number of Parts in the Yard 
will be triple that infinite Number, whence there 


will be given an Infinite triple of another Infinite. 


Zut whence do they learn that this is an Abſurdity ? 
Does it contradict any Axiom commonly received? 
Jot at all, for there is no Axiom that ſuppoſes all 
T-finites equal. Nor is it contrary to the Nature of 
au Infinite, that there ſhould be another Infinite ſtill 
greater : for if there be given an Infinite, as, for 
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example, an infinite Line, there will be in it an in- 
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finite Number of Miles, more Furlongs, and til 
more Feet. And ſo in Space, which we ſuppoſe to 
be infinitely extended, if two parallel Lines be pro- 
duced in infinitum, the Area contained under theſe 
two Lines will be really an infinite Area, for .it will 
exceed every finite Area, or ſuch as is bounded on 
all ſides; it will therefore contain an infinite Num- 
ber of Acres, more ſquare Perch, and ftill more 
ſquare Feet. Again, if betwixt theſe Lines be drawn 
another right Line parallel to either of them, this 
Line will divide the former Area into two other in- 
finite Areas; which taken together, will be equal to 
the former infinite Area, It 1s not therefore repug- 
nant to the Nature of Infinity, that one Infinite may 
exceed, be multiplied, or divided by another Inh- 
nite ; theſe, I ſay, are no ways repugnant, but eaſily 


follow from the Nature of the Thing; and there is 
nobody that acknowledges an infinite Space, but at 


the ſame time he muſt be forced to own the Diviſi- 
bility of that infinite Space into others that are alſo 


/ infinite. 


ANOTHER Argument againſt the infinite Diviſi- 
bility of Matter, is fetched from the Divine Omni- 
potence. God, they ſay, can reſolve any Quantity 
into its infiniteſimal Parts, and ſeparate thoſe Parts 
from one another : but if ſo, then may be given the 
ultimate part and the Diviſibility would be ex- 
hauſted, therefore Quantity is not diviſible in infi- 
nitum. I anſwer, without doubt God is able to do 
whatever is poſſible, or what is not repugnant to his 
immutable Nature: but ſince we have already de- 
monſtrated that there cannot be given any Particle 


of Matter, however ſmall, which may not be ſtill 


divided into other infinite Particles; it is thence ma- 
nifeſt, that God cannot ſo divide Matter, as that 
there ſhall be given its ultimate Indiviſible. For if 

| | 1 the 
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the Divine Power extended thus far, then God could 
do ſomething that involved a Contradiction, or that 
was repugnant to his immutable Eſſence. But they 
farther urge, If all Quantity is diviſible in inſinitum, and 
the Parts are actually in the Extenſion, there will be 
actually given a Part infinitely ſmall, and conſequent- 
ly not farther diviſible, In the firſt place, I anſwer, 
It may be denied with Ariſtotle that the Parts are 
actually in the Extenſion, and then their Argument 
falls to the ground, which they boaſted of as an 
unanſwerable Demonſtration. Secondly, We grant 
them that theſe Parts are actually in the Extenſion 3 
we grant that there are Parts infinitely ſmall and in- 
diviſible z laſtly, we grant the Argument: and yet 
nothing thence follows againſt the continual and in- 
finite Piviſibility of a Quantity that is not infinitely 
ſmall. This is ſuppoſed indeed in the Argument, 
but without any Proof. Does it, becauſe an infinite 
ſmall Part of any Extenſion is not farther diviſible, 
therefore follow, that a given Part, or one not infi- 
nitely ſmall, is alſo not. farther e If any 
thing thence follows, it is, that all continued uan- 
tity may be reſolved into infinitely ſmall Parts, and 
therefore it is infinitely diviſible. But the third and 
true Anſwer 1s, by denying that the Parts in the 
F'xtenſion are fo minute or ſmall, that they cannot be 
farther diviſible ; and tho? there are given Parts infi- 
nicely ſmall, or ſuch as have the ſame proportion to 
their Whole, as a finite to an infinite Number, or a 
finite Space to an infinite one; yet we deny that 
theſe Parts are not farther diviſible: but ſince they 
are extended, they will be alſo diviſible, . not only in 
two or three, or more Parts, but likewiſe every one 
may be divided in infinitum. The infinite Number 
of Parts of an infinitely ſmall Quantity, are wont to 
be called by the Geometers, Infiniteſimals of Infini- 
teſimals, or Fluxions of Fluxions; and theſe are uſed 


by 
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by them in the ſolving of many intricate Problems: 
Beſides, there are given other Fluxions of theſe 
Fluxions, or Parts that are infinitely leſs than their 
Wholes; and again, there are other Parts of theſe 
Parts, and ſo on at pleaſure. I do not deny, but, 
from the Weakneſs of the Human Underſtanding, 


this is very difficult to conceive : however, the Truth 


that is ſupported by ſuch powerful Arguments is not 
to be deſerted, eſpecially ſince there are ſome things, 
which we do moſt certainly know, which yet are 
very difficultly received by our weak Underſtanding. 
We might produce many Arguments, but we ſhall 
only bring ſuch as ſerve to illuſtrate our preſent Pur- 
poſe ; whereby we ſhall ſhew, that there are Quan- 
tities infinitely leſs than ſome Quantities, and yer 
alſo infinitely greater than others: ſo, if there are 
given infinitely ſmall Quantities, there will be ſome 


Quantities infinitely leſs than theſe : and again, there 


may be others infinitely leſs than the laſt, and fo 
always on in infinitum. 85 = 
FirsT then, we ſhall thus prove, that there are given 
Quantities that are infinitely leſs than infinitely {mall 
uantities. Let AB F be a Circle, whoſe Diameter 
is AB; and let BF be an in fi- | 
nitely ſmall Parr of its Circumfe- 
rence, whoſe Chord therefore 
ſhall be alſo infinitely ſmall, that 
is, the Chord BF ſhall have to 
any determinate Magnitude, as, 
for example, to AB the Diame- 
ter of the Circle, the ſame pro- 
portion, as any finite Magnitude 
has to an infinite one, Let 
fall from the Point F, on AB, the Perpendicular 


| FG; BG will beinfinitely leſs than the right Line 


BF. For let be drawn AF, and the Angle A FB in 
the Semicircle will be a right one. And therefore in 
„the 
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the Triangle A FB rectangular at F, from the Per- 


pendicular FG being let fall on the Baſe AB, it 


will be, by the eighth of the ſixth Book of Euclid's 
Elements, AB to BF as BF to BG; but, by Hy- 
potheſis, AB is infinitely greater than B F, where- 
fore B F will be infinitely greater than BG. There 
may therefore be a Quantity, which, although it is 
infinitely leſs than a given Quantity, will be infi- 
nitely greater than another Quantity. 
So likewiſe, it is known in the Circle, that as 


the Sine of any Arch is leſs, ſo the Tangent is 


greater than its correſpondent Arch; and therefore 


the Tangent is greater than the Sine of the ſame | 


Arch. Let therefore in the Cir- 


WH = cle, whoſe Center is C, and Dia- 


8 G 


be B E, right Sine G F, and verſed 
one GB; through F draw FH 
parallel to AB, then HE will be 

ce gual to the Difference of the right 
7 Sine FG and the Tangent BE, 
which, from what we have ſhewn, 
is not altogether nothing. Now in the Triangles 
CBE, F H E, equi-angular, by reaſon of the right 


Angles at H and B, and the common one E, it will be, 


by the fourth of the ſixth of Euclid, CB to BE as FH 
to II E; but by Hypotheſis, C B is infinitely greater 
than BE, wherefore F H will be infinitely greater 
than H E: that is, in the preſent Caſe, B G the verſed 
Sine of an infinitely ſmall Arch, is infinitely greater 
than the Difference betwixt the right Sine and the 
Tangent of the ſame Arch. Since therefore CB is 
infinitely greater than BE; and BE, as we have be- 
fore demonſtrated, is infinitely greater than BG; and 
again, by what we have now ſhewn, B G 1s infinitely 
greater than HE; the Propoſition is manifeſt. - 
0 


2 


meter AB, BF be an infinitelß 
{mall Arch, whoſe Tangent let 
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To the farther Illuſtration of this Doctrine, we 
ſhall produce another Example, borrowed from the 


Scholium of the firſt Section of the Great Sir Iſaac 
Newton's Principia. Let the Curve A C be the com- 


mon Parabola, its Axis AB, and AE a Tangent at 
the Vertex A. The Writers of Conicks demonſtrate, 


e e 


that as in the Circle, ſo in the Parabola, the Angle 


of Contact FAC is infinitely leſs than any recti- 
linear Angle. To the Axis AB and Vertex A, let 
there be ſuppoſed to be deſcribed a Parabola of ano- 
ther kind, as, for example, the Cubical, whoſe Or- 
dinates increaſe in a ſubtriplicate Ratio of the Ab- 
ſciſſas; the Angle of Contact F A D will be infinitely 
leſs than the Angle of Contact of the Parabola FAC; 
or, which is the ſame thing, there can be deſcribed 


| no Apollonian Parabolas, or no Circles, with how 
great ſoever a Parameter, that will paſs betwixt the 


Cubical Parabola and its Tangent at the Vertex: which 
may be thus eaſily demonſtrated, Let the Parameter of 
the Apollonian Parabola A C be called a, the Parameter 
of the Cubical Parabola A D let be þ, let there be 
taken in the Tangent the Point E in ſuch a manner, 

that 
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that AE may be a third proportional to the ght 
Lines @ and b, that is, that ax AE ba; through | 
any Point F betwixt A and E let be drawn F D pa- 
rallel to the Axis, meeting the Curve A D in D, and 
jet BCD be drawn parallel to the Tangent, and let 
B D, an Ordinate to the Parabola A D, be called 2; 
but B C, an Ordinate to the Parabola AC, y; and | 
let the Abſciſſa AB bex: it will be from the Na- 
ture of theſe Curves ax = y*, and b* x = 23, and there- 
fore . = 2 whence b* y*== 223, and ſo by redu- 
cing this Equation to an Analogy, b*:a2z::2*:y* | 
that is, b*or ax AEistoazoraxBDor ax AF | 
as BD to BCgq: but ax AE is greater than 
a X AF, wherefore B D q will be greater than BCi, 
and conſequently B D greater than BC; the Point C 
therefore falls within the Parabola A D. The ſame 
is true of all the Ordinates B C, that are leſs than 
the right Line A E; and therefore the Portion of the | 
Apollonian Parabola A C, at the Vertex falls within ; 
the Cubical Parabola. The Demonſtration is the 
_ fame for any other Apollonian Parabola ; conſequently Þ 
there can be drawn no Parabola, and therefore no 
Circle (which is always of the ſame degree of Cur- | 
vity with ſome Parabola) betwixt the Cubical Para- 
bola and its Tangent at the Vertex. 
How much ſoever therefore the parabolical or 
circular Angle of Contact is diminiſhed, it will be 
yet greater than the Angle of Contact at the Vertex 
of the cubical Parabola; and therefore any given cir- 
cular or parabolical Angle of Contact, will be infi- 
nitely greater than the Angle of Contact at the Ver- 
tex of the cubical Parabola: for that Quantity is 
infinitely greater than another, which how much ſo- 
ever diminiſhed, it ſhall always exceed that other. 
AAN, to the ſame Axis and Vertex let be de- 
ſcribed another parabolical Curve A G, whoſe Ordi- 
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nates always increaſe in a ſubquadruplicate Ratio of 
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the Abſciſſas; the Angle of Contact FA G will be 
infinitely leſs than the Angle F A D: which is eafily | 
demonſtrated by a way of Argumentation not unlike 
the former. After the like manner, to the ſame Axis 
and Vertex another parabolical Curve AH may be 
deſcribed, whoſe Ordinates increaſe in a ſubquin- 
tuplicate Ratio of the Abſciſſas, in which the Angle 
of Contact F A H will be infinitely lefs than the An- 
gle FAG: and fo one may proceed in infinitum, al- 
ways aſſigning more and more parabolical Figures, 
whoſe Angles of Contact ſhall differ infinitely from 
each other; that is, the Angle FA C will be infi- 
nitely leſs than any rectilinear Angle, and the Angle 
FAD infinitely leſs than the Angle FA C, and the 
Angle FAG infinitely leſs than the Angle F AD: 
and fo there will be a Series of Angles of Contact 
proceeding in inſinitum, whereof every latter Angle is 
infinitely leſs than the former ; nay, between any 
two Angles there may be innumerable other Angles. 


inſerted, that ſhall infinitely exceed each other, And 


alſo between any two of theſe Angles there may be 
inſerted an infinite Series of intermediate Angles, 
whereof each following Angle ſhall be infinitely leſs 


merable Angles infinitely greater than the circular 
Angle of Contact, which yet ſhall be infinitely leſs 
than any reEtilinear Angle; and ſo you may proceed 
in inſinitum, nor does Nature know any limits. 
IHayv x exhibited theſe Examples, that our Ad- 
verſaries may perceive, how prodigiouſly different 
their Speculations, concerning the Natures of Things, 


are from the Things themſelves, 


L E C- 
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een nen 
LECTURE V. 


5 of: 
Of the Subtility of Matter. a 
FE) AVING, as we believe, proved by unde- ſuc; 
WW 1/4 niable Arguments, the infinite Diviſibility | 10 
of Matter; and ſufficiently anſwered and | __ 
refuted the Objections that ſeemed to carry = 
any weight along with them: it remains, that we hs: 
conſider a little the wonderful Subtility of Nature, 7 
and thoſe minute Particles into which Matter is FE 
_ actually divided, or of which it is compounded, It 5 
would be very eaſy, by an abundance of Examples, "i 
to place theſe, as it were, before your Eyes, to ex- = 
ſe them to your Senſes, and even to ſhew their Gr 


Smallneſs by a Calculation: but we ſhall produce G; 
only a few Inſtances, : 
Ap firſt of all, from the great Ductility of Gold, | Cc 
ſeveral learned Men, as Monſ. Robault, in his Phy- of 
ſicts; our Countryman, the Honourable Mr. Boyle, 
in his Book of Efluviaz and lately, the famous | qu 
Dr. Halley, in the Philoſophical Tranſactions, Ne 194. Pa 


have made a Computation of the extreme Smallneſs ÞM Pa 
of its Parts. Dr. Halley has ſhewn, that one Grain Bi 
of Gold may be cut into 10000 viſible Parts; and WM hu 
therefore ſince a Grain of Gold is nearly equal ro 8 
— of a cubick Inch, it follows that a cubick di 
Inch of Gold may be divided into 47 619047 Parts, wi 
which ſhall be all diſcernible by the naked Eye. 1 


BESID ES, Dr. Halley has computed the Thickneſs In 
of that very fine Skin of Gold, with which in gilding Þ g 
the Artificers cover Silver-Wire; and has found it 

| : not 
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not exceed the —— of an Inch: that is, if an Inch 
124500 


in Length was divided into 124500 Parts, the Thick- 
neſs of the gilding would ſcarce exceed one of thoſe 
Parts; and therefore the Cube of the hundredth Part 


of an Inch, or which is the ſame thing, the f — | 
Part of a cubick Inch would contain 243 o00 000 
fuch Farts: a 

T # 4 T noble Philoſopher Mr. Robert Boyle, has 
given, in his Book of the Nature and Subtilty of Efluvia, 
many Experiments concerning this Subject; whence 


we ſhall here borrow two or three. And, firſt of all 
he diſſolved one Grain of Copper in Spirit of Salt 
Armoniack, and that Solution being mixed with di- 


ſtilled Water, gave a very deep and conſpicuous 
blue Tincture to 28534 Grains of Water: whence, 


ſince the Quantity of Water, whoſe Weight is one 


Grain, is equal to = of a cubick Inch, 28534 


IC 000 

Grains of Water will be equal in Magnitude to 
105, 57 cubick Inches. Since therefore one Grain of 
Copper can give a blue Colour to ſo great a quantity 
of Water, it is neceſſary that there muſt be ſome 
Part of this Copper in every viſible part of that 
quantity of Water; and therefore as many as are the 
Parts of that Water viſible to the Eye, into ſo many 
Parts at leaſt was that one Grain of Copper divided. 
But a Line is ſenſible to the Sight whoſe Length is the 
hundredth part of an Inch, and conſequently the 
Square or the Cube of that Line, will be much more 

diſcernible by the Sight: wherefore, ſince the Cube 


o 10 1 f p | t 
whoſe Side is — of an Inch, is the —— Part of an 


Inch, it follows, that at the leaſt in 105,57 cubick 
Inches of Water, there are 105 570 000 Parts diſtin- 


guiſhable by the Sight: and therefore by this Solu- 


tion 
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tion one Grain of Copper was at the leaſt divided 


into as an Parts. But the Magnitude of a Grain 


of Copper is equal to about _— Parts of an Inch ; 


and therefore, ſince a cubick Inch contains almoſt 
20000 ſuch Parts, it hence follows, that a cu- 
bick Inch of Copper may be actually reſolved into 
2 111 400 OO 000 Parts: and if there be taken the 
leaſt Grain of Sand, ſuch a one, for example, as its 
Diameter may be the hundredth part of an Inch, or, 


which is the ſame thing, the Grain of Sand itſelf | 


be the million part of an Inch, this will contain 
2114000 ſuch Parts, into which the Copper was di- 
vided. 

Tu x ſecond Example that we propoſe, ſhall be 
drawn from the following Principles. 

A the modern Philoſophers agree that Odours 
_ ariſe from Effluvia, that proceeding from the odori- 
ferous Bodies, are diſperſed on every ſide into the Me- 
dium, and which, by means of the Air we draw up our 
Noſtrils, do ruſh upon the olfactory Nerves, and ſo 
affect the Senſorium; whence it follows, that in what- 
ever place the Odour of any Body is ſenſible, there muſt 
be in that very place ſome Particles of the odoriferous 
Body affecting the Senſe. But there are many odorous 
Bodies which are eaſily ſ melt at the diſtance of five feet, 
and which do there affect the olfactory Senſe; there 
muſt therefore be ſome Particles of the odorous Body 
diffuſed through all that Space, inſomuch that where- 
ever our Noſtrils ſhall be placed in that Space, there, 
it is neceſſary, that there be ſome Effluvia of the 


odoriferous Body; at leaſt there muſt be ſome in that 


quantity of Air, that we draw through our Noſtrils 
in Inſpiration, Let us ſuppoſe then, that there is 
but one Particle of the odorous Body in every Part 
of that Space, which Part fhall be equal to the 

tourth Part of a cubick Inch; and tho' it is probable, 
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Effluvia ſo rare will ſcarce affect the Senſe, yet we 
ſhall at preſent aſſume no more; ſo many therefore 
at the leaſt will be the Particles producing the Odour, 
as there are Spaces, each of which are equal to the 


fourth part of an Inch, in a Sphere, whoſe Semi- 


diameter ſhall be five feet ; but in that Sphere there 
will be 57839616 ſuch Spaces: ſo many therefore 
will be the Particles producing the Odour in that 
Space, | 5 

HAvIN O in ſome meaſure determined the Num- 


ber of Effluvia, we ſhall proceed to diſcover their 


Magnitude, Since it is neceſſary, that a Body muſt 
be diminiſhed in Weight, in proportion to the Efflu- 
via that flow from it; the Weight of all the Effluvia 
proceeding from an odoriferous Body in a given time, 
will equal the Weight of the Part of the Body that 


is loſt in that time. Now Mr. Boyle has proved by 


an Experiment, that a certain Maſs of / fetida 


| expoſed to the open Air, has loſt in ſix days time the 


eighth part of a Grain in Weight: but fince the Flux 
of Ef ivia from an odoriferous Body is continual, 1t 
is manifeſt that it ought to be proportionable to the 
Time; and therefore in one Minute's Time the 
Weight of the Effluvia flowing from the 4/a ſetida, 


will be equal to 


18 of a Grain. But the Magnt- 


rude of a Particle of Water, whoſe Weight is one 
/ 


Grain, is equal to -—— Parts of an Inch; and there- 


fore a Particle of the ſame Water, whoſe Weight 1s 
I 


mm Of Grain, will be equal in Magnitude to 
9120 | O 


733 
10920050000 


of a cubick Inch: but the Gravity of 


Aſſa tetida to that of Water is (as J myſelf have 
experienced) as 8 to 7, and therefore the Magnt- 
tude of a Quantity of 4/z fetida, whoſe Weight 


is 
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466 


———ͤ— 


1 equal | 
is gm of a Grain, will be equa to eee 


of a cubick Inch. But the Number of all the 
Effluvia was found before to be 57839616, and 


therefore ſince all theſe Effluvia are only equal 
466 


to 1888580888 Parts of a cubick Inch, each Particle 
466 ; 
will be equal to — 7575 Parts of a cubick 


Inch; or by reducing this Fraction to a Decimal, 


the e of each Particle will be equal to 


8 


— 


10 o00 000 000 000 000 Parts of a cubick I nch. 


Wr have hitherto ſuppoſed the Particles producing 
the Odour to be every where equally diffuſed through- 


out the above-mentioned Diſtance ; but ſince towards 


the Center or odoriferous Body, whence they proceed, 
they are more and denſer than towards the outward 
Superficies of the Sphere, there will be many more 
Particles than we have before demonſtrated. For ſince 
| Odours (as all other Qualities, that are propagated 
from a Center in right Lines) decreaſe in a duplicate 
Ratio of the Diſtance increaſed from that Center, 
the Number of Particles producing the Odour, and 
included in a given Space, as, for example, the fourth 
Part of a cubick Inch, will be, at the diſtance of one 


foot, quadruple the Number of Particles placed in 


the ſame Space, at the diſtance of two feet from the 
Center; and nine times greater than the Number of 
Particles at the diſtance of three feet, and ſo of the 
reſt: but if they were in no place in greater number 
than at the extreme Superficies, their Namber would 
then be, as before diſcovered, 57839616. It is there- 
fore manifeſt, that their Number is far greater than 
the iforeſaid Number 

THAT therefore, in this caſe, we may 1 


the Number of the Particles producing the Odour, 
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we ought to know the Quantity of Ai fetida t 

Mr. Boyle expoſed to b Wi TE _ 
this from his Writings. It is therefore neceſſary we 
aſſume ſome Quantity; but the leſs we make it, the 
greater will be, cæteris paribus, the Proportion of the 
Number of Particles proceeding from it, to the 
Number before found out. That therefore the Num- 
ber we ſhall diſcover may not exceed the Truth, we 
ought to aſſume ſuch a Quantity, as probably will 


be greater than that which Mr, Boyle expoſed to the 


Air: and let it be equal to a Sphere, whoſe Dia- 
meter is fix Inches, here repreſented by the Circle 
DHO ; and let the right Line AD be five feet or 


ſixty Inches; AB will be 63 Inches. To the Point 
A on AB let be erected the Perpendicular A G, 


| 


G * 1 er” 85 
Cs, —_——R 1 | 

QC} SHA 7 756 
1 5 


B 3}: 
3 


which let repreſent the Denſity or Number of Par- 
ticles in a given Space at the diſtance AB; and if at 
all diſtances the Denſity of the Particles was the 
lame, their Number might be expounded by the 
innumerable right Lines EQ, m R, DH, &c. com- 


| Pleating the Parallelogram A H, that is, by the Pa- 


rallelogram 


5 2 An I ntroduftion to 


rallelogram A H itſelf. But ſince the Number of Par- 
ticles, in approaching to the Center, is ſuppoſed to 
increaſe in a duplicate Ratio of the diminiſhed Di- 
ſtance; at the Points E, , D, and innumerable others 


taken in the right Line AB, let be erected the Per- 
pendiculars EL, mn, DC, which let be to AG as 


the Square of the right Line A B to the Squares of the 
right Lines EB, m B, DB, Sc. reſpectively; and 
through the Points G, L, », C, and innumerable 
others determined after the ſame manner, let be 
drawn a Curve Line. Now if AG repreſents the 
Number of Particles at the Diſtance AB, EL will 
repreſent their Number at the Diſtance EB, on a 
Suppoſition that the Denſity of the Particles are re- 
ciprocally in a duplicate Ratio of their Diſtances 


from the Center; but EQ would denote their Num- 


ber, if their Denſity was every where the ſame. 
After the ſame manner, n expounds the Denſity of 
the Particles at the Diſtance B; but m R would re- 


preſent their Number, if they were uniformly denſe, 
So likewiſe DC will denote the Number of the Parti- 


cles placed at the Diſtance DB; but if they were in all 
places equally denſe, their Number would be repre- 
ſented by DH. And therefore the whole Multi- 


tude of Particles, that flow from the Sphere DB O, Þ 
and whoſe Denſity decreaſes as they recede from the 
Center in a duplicate Ratio of the increaſed Diſtance, It 
was every! 


is to their Multitude, if their Denſit 


where the ſame; as it is at the outer Diſtance AD five creaſe 


{ whoſe 
their 


Feet, as all the right Lines DC, mn, EL, AG, 
to the right Lines DH, n R, EQ, AG; that is, 
as the mixtilineal Area ADCG to the Area of the 
Rectangle G A DH. 


Tu E matter therefore is brought to this, that we 


inquire out the Proportion which the Area G ADC 


has to the Area of the Rectangle AH. But ſince 
the Curve GL a C 1s of ſuch a nature, that the right 
ines 
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Lines A G, EL, mn, DC, ordinately apply'd to the 
Aſymptote A B, are rec iprocally as the Squares of 
the Diſtances from the Center; the Curve will be 
of the hyperhoii:k kind, and the indeterminable 
Space CFB T'S compounded of Elements that are 
reciprocal Secendanes : and therefore that Space, altho' 
indeterminable, will he perfectly quadrable, and 
equal to twice the Rectangle CB, by what is de- 
monſtrated by Dr. Wallis in his Arithmetick of Tnfinites. 
And conſequently the indetermina ble or indefinitely 
extended Area C DT S will be equal to the Rectan- 
gle CB; and in like manner the indefinitely ex— 
tended Area GA T S will be equal to the Rectan- 
gle GB. The Exceſs therefore, whereby the Area 
CDT S exceeds the Area G A T'S, will be equal to 
the Exceſs, whereby the Parallelogram CB exceeds 
the Parallelogram GB. Let us therefore inveſtigate 
the Difference of theſe Rectangles: Since by Hypo- 
theſis A D is 60 Inches, and BD 3, AB will be 63 


| Inches; and let AG be Unity, and fince it is as 


DBq to A Bq fo AGto CD, that is, asg to 3969; 
CD will be 441 ſuch Parts, whereof AG is1: and 
therefore C Dx DB, or the Rectangle CB will be 
to the Rectangle B G, as 1323 to 63; and fo the 
Difference of the Rectangles, that is, the Area 
GHD C will be 1260 ſuch Parts, whereof the 
Rectangle A H is 60. And therefore the Number 


of Particles proceeding from the Aſſa fetida, whoſe 


Denſities decreaſe in a duplicate Ratio of the in- 


creaſed Diſtances, and contained within a Sphere 
{| whoſe Diameter is five Feet, is to their Number, (if 


their Denſity was every where equal to what it is 
at the Diſtance of five Feet) as 1260 to 60; that is, 
as 21 tO 1. If therefore the above-diſcovered Num- 
ber 578 390616 be multiplied by 21, the Product will 
give the Number of Particles proceeding from the 
Aſa fætida, viz. 1214631 2 36. Belides, if the Fraction 
3 nn 0 


Loren —— - 
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3 ; bg 
30S, Which expreſſed the Magnitude 
of the Particles in the former caſe, be divided by 21, the 
8 38 
210 000 000 000 090 000 1 £00 00G 000 000 000 000 


will exhibite the true Magnitude of each Particle in 
this ſecond Caſe. | 


ALL theſe things follow from hence, that we 


ſuppoſe a Man able to ſmell Mh fætida at the diſtance 


of five feet; bur there are other Animals, whoſe 
Senſe of ſmelling far exceeds that of a Man, as 
Hounds, who perceive the Effluvia of wild Beafts 
remaining on the ground, a great while after the 
B aſt has ſeft the place; and ſome Birds, that get the 
Scent of Gun- powder at a great diſtance; The Sub- 


tility of theſe Effluvia muſt certainly be much greater 


than that, which we have diſcovered by the fore- 


going Calculation ; but tor want of Experiments we 


cannot eaſily reduce it to Numbers. 

T x x Philoſophers, that they may till farther ſhew 
the Subrility of Matter, produce the Example of 
thoſe Arimalcula, that are obſerved floating in various 
Liquors, and the Sced of Animals; theſe indeed 


are ſo ſmall] in ſome Fluids, that they appear like 


Points, through Microſcopes that magnify the Ob- 


ject very much. And that curious Obſerver of Na- 


ture, Mr. Lewenhoeck has diſcovered more Animal- 


cules in the Milt of one Cod, even than there are 
Men at preſent living on the face of the Earth. But 


let us diſcover the Magnitude of theſe Animalcules: 
towards which, we ſhall borrow from Opticks what 
follow. Firſt, the Image of any Object appears un- 
der the ſame Angle, at the Vertex of Emerſion of the 
Lens, as the Object itſelf appears under at the Vertex 
of Incidence; this is demonitrated by Dr. Gr gory, in 
the 18th Propoſition of his Elements of Dis/tricks, Se- 
condly, it is found by experience, that thoſe Objects 

that 
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that appear as Points, that is, whoſe Parts the Sight 
is not able ro diſtinguiſh, are ſ.en under an Angle 
not exceeding a Minute Thirdly, it is certain by 
frequent Obſervation, thar moit of thoſe Animalcules 
are of ſo ſmall a Magni.u'le, that they appear thro? 
a Lens, whoſe focal Dillance is the tenth part of an 
Inch, as ſo many Points; that is, their Parts cannot 
be diſtinguiſhed ; and therefore they appear from the 
Vertex of that Lens, under an Angle not exceeding 
a Minute. We are now to inveſtigate the Magnitude 


of an Object that appears under a given Angle at a 


given Diſtance : In the preſent 


Caſe, let C be the Vertex of A 
the Lens, AB the Length of 
the Animalcule, B C its Diſtance __—— 
from the Lens equal to 2 of an d DR 


Inch, and the Angle BCA under 


which it is ſeen at that Diſtance equal to one Mi— 


nute: from B C and the Angle B C A being given, we 
are to find AB the Length of the Object. Now in 
the rectangular Triangle AB C, there being given 
(beſides the right Angle at B) the Angle BCA. 
one Minute, and the Side BC equal to the tenth 
part of an Inch, by Trigonometry the Side AB will 


be found nearly equal to e of an Inch. If there- 
fore theſe Animalcules were of a cubick Figure, that 


is, of the fame Length, Breadth and» Thickneſs, 


their Magnitude would be expreſſed by the Cube 


of the Fraction 755500 3 that is, by the Number 


2 
— 000 000 3 that 18, to ſo many par ts of an 
Inch is each Animalcule equal. : 5 

Hr Nr, what ſome Philoſophers have dreame 
concerning Angels, is true of theſe Animalcules, viz. 
1,4 that 
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that many thouſand of them may dance on the Point 


of a ſmall Needle, 


HEN CE alſo we may gather, how vaſt the Di- 


ſtance is betwixt the ſmalleſt floating Animals and the 
largeſt ſort, how little Proportion the firſt have to the | 
huge Whales, that appear in the Ocean like Moun- 


tains, as oft as they raiſe their Heads above the Wa- 
ter. For there are in ſome Liquors Animalcules fo 
ſmall, as upon a Calculation, the whole Magnitude 
of the Earth is not large enough to be a third pro- 
portional to thoſe minute floating Animals and the 
vaſt Whales of the Ocean; ſo that the Earth itſelf, 
however big it ſeems, is found to bear a leſs pro- 
portion to theſe large Fiſhes, than they do to thoſe 
lefſer ones, that are beheld through a Microſcope, 
floating in the Seed of Animals. 


SINE every Animalcule is an organized Body, 


let us a little conſider, how delicate and ſubtile ought 


the Parts to be, that are neceſſary to conſtiture it, and 
to preſerve its vital Actions. Certainly it is not eaſy to 
conceive, how it is poſſible there ſhould be contained 
in ſo narrow a compaſs, the Heart that is the Fountain 


of its Life, the Muſcles neceſſary to its Motions, the 


Glands for the Secretion of its Fluids, the Stomach 
and Bowels to digeſt its Food, and other innumerable 
Members, without which it is impoſſible an Animal 
ſhould ſubſiſt. But ſince every one of theſe Members 
is alſo an organical Body, they muſt have likewiſe Parts 
neceſſary to their Actions. For they conſiſt of Fibres, 
Membranes, Coats, Veins, Arteries, Nerves, and an 


almoſt infinite Number of fine Tubes like to theſe, 
whoſe Smallneſs ſeems to exceed the very Force of 


the Imagination. But there are ſome Parts that 
ought to be almoſt infinitely leſs than theſe, as the 


Fluids that flow along theſe fine Tubes: and ſuch 


are the Blood, Lymph, and Animal Spirits, whoſe 
Subtility even in large Animals! is incredible. 
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LE r us then conſider the moſt groſs Parts of the 
Blood in theſe Animalcules, to wit, the Globules that 
ſwim in the Blood, and Jet us endeavour to reduce 
their Magnitude to a Calculation. 

Towa8r Ds the effecting of which, we ſhall make 
uſe of the following Hypotheſis ; viz. That the ſimi- 
lar ſolid Parts of different Animals, that is, the ſi- 
milar corporeal Particles, or the Parts conſiſting of 
three Dimenſions, are as the Magnitudes of the re- 
ſpective Animals, Whence it follows, that the ſimi- 
lar linear Dimenſions of different Animals are in a 


ſubtriplicate Ratio of the Magnitudes of the Ani- 


mals; that is, as the cubick Roots of theſe Ani- 
mals: as, for example, the Heart of a Man is to the 
Heart of any Animalcule ſeen through a Microſcope, 


as the Body of that Man is to the Body of the Ani- 


malcule ; and therefore, if the Hearts of both are 
ſimilar Bodies, the Diameter of the one will be to the 
Diameter of the other, as the cubick Root of the 


Magnitude of one, to the cubick Root of the other's 


Magnitude. So likewiſe the ſmalleſt Blood-Veſſels 
ina Man, are to the like ſmalleſt Veſſels in an Ani- 
malcule, as the Magnitude of the Man to the Mag- 


nitude of that Animalcule ; and the Diameter of a 


capillary Veſſel in the Body of a Man, is to the Di- 
ameter of the like Capillary Veſſel in the Body of an 
Animalcule, as the cubick Root of the Magnitude 
of the Man to the cubick Root of the Magnitude 
of the Animalcule, 

LE T us now ſuppoſe the mean Magnitude of a 
Man to be three cubick Feet, or 5184 Inches ; as 
therefore the Magnitude of a middle-ſized Man, or 
5184 cybick Inches, is to the Magnitude of the Ani- 

27 
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Parts of a cubick Inch, ſo are the capillary Veſſels 
in a human Body to the like capillary Veſſels in an 
| | Ani- 
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Animalcule; and as the cubick Root of the Mag- 


nitude of a Man, or the cubick Root of the Num- 
ber 5184 to the cubick Root of the Magnitude of 


an Animal, or to the cubick Root of the Number 


27 


| be 3 
00 508 888 888 888, that is, nearly. 2317 0 005, fo 


is the Diameter of a capillary Veſſel in a human 


Body to the Diameter of a capillary Veſſel in an 
Animalcule. But Mr, Lewenboeck has by the help of 


a Microſcope diſcovered Veſſels in a human Body fo 
mall, that if the Diameter of a Grain of Sand be 


ſuppoſed equal to 5 of an Inch, it will contain 2640 
Diameters of the Veſſels which he found out in the 
Body of a Man ; and therefore the Diameter of one 


I I 


of theſe ſmall Veſſels will be equal to — x — of 
I 


| 24% 0 
an Inch, that is, equal to 5700 Parts of an Inch. 
And although it is certain theſe Veſſels were not the 


leaſt of all that are in a human Body, for that there 


muſt be others much leſs than theſe, is eaſy to be 
ſhewn ; but however we ſhall ſuppoſe theſe to be the 


"i 
fo 


100 000? 


leaſt of all. Let it be therefore as 17 to 
a 


79 700 0 another Number; which Number will ex- 
pfeſs in the parts of an Inch, the Diameter of the 
ſmalleſt Veſſel in an Animalcule: which, working 


N | 3 
by the Rule of Three, is found to be 58 
this Fraction reduced to a Decimal, will be nearly 
22 2 — 


—_— — 


55, or in round Numbers) eg ee 


But ſince it is neceſſary that the Diameter of the 


Globule, or the fluid Particle, that is contained in any 


Veſſel, be not greater than the Diameter of that Vei- 
ſel; the Diameter of a Globule of Blood that flows 
0 through 
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through theſe ſmalleſt Veſſels, will not be greater 
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Parts of an Inch. And therefore 


than — 
| 100 OOO OOO O00 


the Solidity or Magnitude of theſe Globules will be 

leſs than the Cube of that Diameter, that 1s, leſs 
| 8 

than— — — — Parts of 


1 ooo ooo O©O OCO OOO ©00 OOO 000 OOO O00 O 
a cubick Inch: that is, the Magnitude of a Globule 
is leſs than that part of a cubick Inch, which is ex- 
preſſed by a Fraction, whoſe Numerator is eight, but 
irs Denominator a Number conſiſting of a Unit with 
thirty and three Cyphers after it. 
SINE the Fraction, that expreſſes the Magni- 
tude of theſe Globules, conſiſts of ſo many Cyphers, 
that their true Quantity cannot thence be readily con- 
ceived ; we ſhall proceed farther, and compare theſe 
lobules with ſuch other ſmall Bodies as are viſible 
to the naked Eye, viz. with the ſmalleſt Grains of 
Sand, ſuch, for example, as their Diameters do not 
exceed the hundredth part of an inch: and laſtly, 


we ſhall compare theſe ſmall Grains of Sand with 


other great Bodies of the Earth, as, for example, 
huge Mountains; that we may perceive what pro- 
portion they bear to one another: and ſo we ſhall 
the more eaſily comprehend the Smallneſs of Particles. 
But why do I make uſe of this word? ſince I ſhould 


rather ſay, by this Compariſon their Subtility will 


appear incomprehenſible. For it may be gathered 
from thence, that Ten thouſand two hundred and 


fifty ſix of the higheſt Mountains in the whole 


Earth do not contain as many Grains of Sand, as 
one Grain of Sand can of the Blood-Globules of 
theſe Animalcules. It is no wonder, if you here 
ſtand amazed, and being ſtruck with ſo prodigious a 
thing, ſhould call in queſtion the infinite Djviſibility 
of Matter, although it is ſupported by uncontroul- 
able Demonſtrations, But however incredible this 

5 Aſer- 


bo As Iniroduclion to 
Aſſertion may appear at firſt ſight, we ſhall notwith- 


ſtanding deduce it from eaſy and evident Principles. 


THAT our Calculation may proceed the eaſier, 
we ſhall call the tenth part of a Foot an Inch, and 
ſuppoſe that if an hundred Grains of Sand were 


Placed by one another, they would occupy the Space 


of an Inch in length; or, which is the ſame thing, 
let a thouſand contiguous Grains of Sand be ſuppoled 


to be extended through the Length of one Foot, 


there will therefore be in one cubick Inch 1 000 000 


Grains of Sand, and in a cubick Foot there will be 


1 000 OOo 000 Grains. Let a Mile or 1000 Paces be 
equal to 5000 Feet, there will be then 125 000 000 000 


cubick Feet in a cubick Mile: ſo that the Number 
of Grains of Sand, that can be contained in a cubick 


Mile, will be 125 000 000 000-000 000 000. 
Nov that, we may have the Dimenſions of the 
Mountains, we will make choice of the higheſt, 


as it is ſuppoſed, of the whole Earth, viz. that 


which is in the Iſland of Texerif,, and called El Pico 
de Terrario, whoſe perpendicular Altitude is vul- 
garly eſteemed three Italian Miles. We will ſup- 
Pole the Figure of this Mountain to be a Cone, and 
its Circumference at the Baſe to be five and thirty 


Miles, the Area of the Baſe will be about 97,5 
Miles; for as 314 to 100, that is, as the Circum- 
ference of a Circle to its Diameter, ſo is 35 to 11,14 


the Diameter or Thickneſs of the Mountain at its 
Biſez 27,85 the fourth of which being multiplied 
by the Circumference 35, gives the Area of the 


Baſe, viz. 97,5 ſquare Miles. Since therefore the 


Mountain is, by Hypotheſis, of a conick Figure, if 


its Baſe be multiplied into a third part of its Height, 


the Product will give the ſolid Content of the Moun- 
tain ; and the third part of the Height is, by Sup- 


_ poſition, equal to one Mile, which multiplying the 


Number 97,5, the Product or Solidity of the 
| | | Moun- 
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Mountain will be equal to 97,5 cubick Miles: 
which Number, if it be again multiplied by 
125 ©00 000 000 OOO ©00 oo, the Product or Number 
12 187 500 000 000 000 ©00 000, Will exhibite the 
Number of Grains of Sand, of which the Mountain 


of the Iſland Teneriſf might be compoſed. 


TR ESsEH being found out, let us fee how many 
Blood-Globules may be contained in One Grain of 
Sand. From what has been ſhewn before, the 
Magnitude of each Globule is leſs than the 

5 | 
I 000 OOO O00 000 000 OOO O00 TOO OCO 000 000 Parts of an 


Inch; and the Magnitude of a Grain of Sand is 
Part of an Inch: fo that if the 


—— 


equal to the 
1000 000 


latter Number is divided by the former, the Quo- 
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125 O00 000 oOo OOO O00 oo o ooo is leſs than the 
Number of Blood-Globules tuat may be contained 
within the Magnitude of a Grain of Sand: but this 
Number 125 000 000 000 000 000 OOO 000 ooo divi- 
ded by 12 187 500 000 000 000 000 coo, the Number 
of Sands that may be contained in the Mountain of 
the Iſland Teverif, the Quotient will be greater than 
the Number 10 256, So that one Grain of Sand ma 

contain ten thouſand. two hundred and fifty ſix times 
more Blood-Globules in it, than the higheſt Moun- 


| 'tain of the whole Earth does Grains of Sind; or, 


which is the fame thing, ten thouſand two hundred 
and fifty ſix Mountains, each of which fall be equal 
to the higheſt Mountain on the whole Earth, cannot 
contain in them as many Grains of Sand, as one 
Grain of Sand may contain in 1t!-If of ſanguineous 
Particles of Animalcules, that are by a Microſcope 

ſeen 
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ſeen floating in ſome Fluids: which was to be ſhewn, 
Since therefore theſe Globules are of fo ſmall a Mag- 


nitude, what muſt we think of the Particles compo- 
ſing the Fluid in which the Globules are carried, and 
of the Subtility of the Animal Spirits? This, no 
doubt, is ſo great, as to exceed all Calculation, and 
even the Force of the Imagination. : 

THIS Subtility of Nature is wonderful beyond 
meaſure 3 but there are other Particles of Matter 
ſtill more ſubtile than theſe, to which if the above- 
mentioned Globules were compared, they would not 
only appear as Mountains, but as vaſt Earths. I 


mean the Particles of Light, which are darted all 


around from the lucid Body, with an inexpreſſible Ce- 
{erity, whoſe Subtility the human Mind will perhaps 


be never, unleſs when it ſhall be made perfect in the 


Heavens, able thoroughly to comprehend. That it is 
immenſe, may hence be gathered, that the Light of 
the ſmalleſt Candle, in a time altogether inſenſible, 
and without any diſcernible Diminution of the Candle, 


may be perceived by the Eye, at the diſtance of two 


Miles; whence it is neceſſary, that in every aſſigna- 
ble Part of the Sphere of Activity of that Candle, 
the Diameter of which Sphere is greater than four 
Miles, and in every aſſignable Portion of Time, 
there are ſome Particles of that Light, which enter, 
or are ready to enter the Eye; which will be difte- 
rent 1n different Parts of Time. And from this inef- 
fable Subtility of Light it is, that the Sun, although 
from the Beginning of its Creation, it has continually 
emitted Light, and that with great Swiftneſs ; yet in 
all that time has not loſt any thing ſenſible of its 
Magnitude, notwithſtanding it daily, tho? inconſide- 
rably, decreaſes in Quantity : whence, tho? after fix 
thouſand Years, its Diminution is not yet become 
remarkable, notwithſtanding after a finite Series of 
Years, alcho' a very protracted one, it will be . 
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diflipated. , Whence it follows, that this World can 
neither exiſt to Eternity, nor could 1t have exiſted 
from Eternity. 

FROM the Demonſtration of the infinite Diviſibility of 
Matter are derived the following Theorems, relating 

to its Rarity, and the Tenuity of its Compoſition. 
|  LEMM A. TOE, 
AN v ny of Matter being: given, of it, or 
any part of it, a concave Sphere may be formed, 


| whoſe Semidiameter ſhall be equal to any given right 
Line. 


LE the Particle of Matter be a3, and the given 
right Line be h. The Ratio .of the Circumference 
of a Circle to its Radius let be as p tor. Let the 


| Semidiameter of the Concavity be called x, the 
Thickneſs of the Shell encompaſſing the ſpherical 


Concavity, will be }—x, and the Cylinder circum- 


| ſcribed about the Spheres whoſe Radius is , will be 


2x0" whence the Sphere inſcribed wtthin the Cylin- 
1 | | 


der will be =; by the fame reaſon, the Sphere 
* : n 


. 2 XR * 
Whoſe Radius is x, will be 


37 whoſe Difference 


| 27— — 


&, is to be made equal to the ſpherical Shell, 
3x7 - | 


or given Particle of Matter : that is, it will be 


| —55— 2a or FR IRE: Moi Whence & == 53 — 
7 : — 
: r a 28 7a 6 3 
Ne and x= bf "i So that the Thickneſs 
| of the ſpherical Shell, or þ—x, will be 2 
1 3 ra | 
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By the ſame reaſon may be made of a given Quanlity 
of Matter, concave Cubes, concave Cylinders, or concave 
Bodies of any other figure whatſoever, whoſe Sides ſhall 
be equal to a given right Line. 


The Firſt THEOREM, 


G1ven any Quantity of Matter, however ſmall, and 
given any finite Space, however large ; which, for ex- 
ample, let be a Cube, that ſhall circumſcribe the Orb of 
Saturn: it is 77155 that the Matter of that Grain of 
Sand may be diffuſed through all that Space, and ſo fill 

it, that there ſhall be in it no Pore, whoſe Diameter 

will exceed a given right Line. T4 

Lr there be a given 

| Cube Space, whoſe Side 

let be the right Line AB, 
equal to the Diameter 
of Saturn's Orbit; and 
let be given a Particle of 

Matter, whoſe Quantity 

let be þ3, and let the gi- 

ven right Line (greater 

HE 1. than which the Diameter 

- 3 of the Pores ought not to 

a he) be D. Let the right 

Line AB be conceived to be divided into Parts equal 

to the right Line D, whoſe Number will be finite, 

when neither the right Line AB is ſuppoſed. infi- 
nitely great, nor the right Line D infinit-ly ſmall, 

Let the Number be x, that is, let be » D AB, fo 

that it will be n D; equal to the Cube of the right 

Line AB. Let alſo the given Space be conceived to 

be divided into Cubes, each of whoſe Sides are equal 

to the right Line D, and the Number of the Cubes 
will be z* ; and theſe Cubes will he repreſented in 


the Figure by the Spaces E, F, G, H. Again, - 
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the Particle 43. be ſuppoſed to be divided into Parts, 
whoſe Number let be , and in each cubick Space 
let be placed one of thoſe Particles; and by this 
means the Matter 53 will be diffuſed through all that 
Space. Beſides, each Particle of the Matter hs be- 
ing placed, as it were, in its Cell, may be formed 
into a coneave Sphere, whoſe Diameter may be equal 
to the given right Line D; whence it will follow, 
that each Sphere will touch that which is next to it; 
and the given Particle of Matter, however ſmall 53, 
will ſo fill the given Space, that there will be no 
Pore in it, whoſe Diameter will exceed the given 
right Line D. Q. E. D. 5 

Cor. TER may be given a Body, whoſe Mattes 
if it be reduced into a Space abſolutely full, that 
Space may be any given Part of the former Magni- 
tude. 8 | be 


T HERE may be two Bodies equal in Bulk, whoſe Dans 


tities of Matter may be very unequal, and tho" they have 
any given Ratio to one another, yet the Sums of the Pores 
or empty Spaces in the Bodies, may almoſt approach to 
a Ratio of Equality, Or, in the Carteſian Stile; All 
the Space, that is poſſeſſed by a ſubtile Matter within 
the Pores of one Body, may be almoſt equal to the Space 
that is occupied by the like Matter within another Body 
although the proper Matter of one Body exceeds ten thou- 
and or an hundred thouſand times the proper Matter of 

the other Body, and the Bodies may be equal in Bulk. 


Lier there be, for example, a cubick Inch of 
old, and a cubick Inch of Air not condenſed, It 
Is certain the Quantity of Matter in the Gold will 
exceed twenty thouſand times the Matter of Air; 
yet it may be, that the Spaces in the Gold, either 
abſolutely empty, or * with a ſubtile * 
nd E | all 
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ſhall be almoſt equal to the Spaces in the Air, either 


empty, or replete only with a ſubtile Matter. 
| Luer A and B be two 
8 N 3 equal in Magni. 
I tude; and let both, for 
"= | one Inch, And let the 
a 2 Body A be ten thouſand 
I times heavier than the 
Body B, whence the Body A will exceed the Body 
B in Quantity of Matter ten thouſand. times. Let 
us now ſuppoſe the Quantity of Matter in A to be 
reduced into a Space abſolutely full, which let be 
the hundred thouſandth part of a cubick Inch; 
(which is poſſible from the Corollary of the preceden! 
Theorem.) Whence ſince the Matter in A exceed: 
the Matter in B ten thouſand times, that Matter in 
B, if it be reduced into a Space abſolutely full, 


will poſſeſs only the ——— —_ Part of a cubick 


Inch; ſo that the reſt of the Parts 999 999 999 wil 
be either abſolutely empty, or replete only with ſome 
ſubtile Matter, ſuch as the Carteſians ſuppoſe, A. 
gain, ſince the . of Matter in A only fill 
the hundred thouſandth Part of an Inch, there will 
be in the Body A 99999 hundred thouſand Parts 
either empty or replete with .a ſubtile Matter; that 
is, by reducing the Fraction to the Denominator ol 
the former Fraction, there will be in A 999 990 000 
empty Parts. And therefore the Vacuities in A wil 
be to the Vacuities in B, as the Number 999 990 000 
to the Number 999 999 999; which Numbers arc 
almoſt to one another in the Ratio of Equality, for 
their Difference bears but a ſmall Proportion to the 
Numbers themſelves. And therefore the empty 


Spaces, or thoſe only replete with a ſubtile Mattes, 


Which are in the two Bodies A and B, obtaining to 
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one another the ſame Ratio as thoſe Numbers, are 


alſo almoſt in a Ratio of Equality. 9, E. D. 

Bu T that all Bodies are very rate, that is, con- 
tain but a very ſmall Quantity of Matter in reſpect 
to their Bulk, is moſt certain from the Properties of 
diaphanous Bodies; for the Rays of Light within Glaſs 
or Water are diffuſed in right Lines, as well as in 
Air, whatever Side of the diaphanous Body is ex- 
poſed to the Light: And therefore from any the 
leaſt aſſignable Part of the diaphanous Body, to any 
other Part of it, there is always extended in theſe 


Bodies a rectilinear Pore, through which the Light 


may paſs ; and this cannot be, "unleſs the Matter of 
the diaphanous Body obtains but a very little Pro- 
portion to its Bulk ; and perhaps the Quantity of Mat- 
ter in Glaſs has not a greater proportion to its Mag- 
nitude, than a Grain of Sand to the whole Bulk of 
the Globe of the Earth : but that this is not impoſ- 
ſible, we have ſhewn above. Whence, ſince Gold 
is not eight times denſer than Glaſs ; its Matter alſo, 
to its proper Bulk, bears but a very ſmall propor- 
tion. ))) 

Hence may be gathered the Reaſon why the 
magnetick Efuvia pervade with the ſame facility 
both denſe Gold and the more rare Air, , 
From theſe Propoſitions likewiſe, and from the 
great Swiftneſs of Light, may be gathered the Rea- 
ſon, why the Rays of Light proceeding from many 
Objects, and tranſmitted through a ſmall hole, do 
not mutually hinder one another, but their Motion 
is continued in a right Line; which can ſcarce be 
explained by the Motion or Impulſe of a Fluid, con- 
ſtituting a Plenum: for any Body impelled by many 
Powers at the ſame time, in different Directions, will 
receive only one, and a determinate Direction, com- 
pounded of them all. 
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DASSSASTSSASSSASSSS, 
LECTURE VL 
/ Motion, Place, and Time. 


CN 


2X [NCE ve have hitherto ſufficiently treated 
of the Solidity, Extenſion, Diviſtbility and 
Y Subtility of Bodies; we now come to explain 


vers herſelf acting in that Variety of Things, which 
ought not to be beheld without Wonder "ond Aſto- 
aiſhmient ; „ and without which, all the Ornament 


and Beauty of the World would periſh, and a horrid 
Darkneſs and an infinite Numbneſs would poſlcts 
every thing. On this depend the Viciſſitudes of 


Days and Nights, and the fo great Variety of Cold 
and Heat, Snow, Ram, and Sun-ſhine ſucceeding 
each other, and all the Seaſons of the Year. By 


Motion Plants grow, Trees are nouriſhed, and Ant 


mals live; ſince Life itſelf conſiſts only in Motion, 


that is, the Circulation of the Blood. But why dol 


ſpend time in enumerating Particulars ? ſince all things 
owe their Birth to Motion. 
Tur Science therefore of Motion is ſo neceſſary 


to philoſophize aright, that not the leaſt Operation 


of Nature can be inveſtigated without it. Hence 


the famous and moſt true Saying of the Philoſopher, 


Avary veto &yvourivns duTigs wviciws dYVoccatas x; TAY QUAN) 
Motion being unknown, Nature muſt of neceſſity be 
fo likewiſe. 

T E Philoſophers, or rather the Metaphyſicians, 
have had various Diſputes concerning the Nature, 


4 auſes. and Communication of Motion : ; and the 
Con- 


Motion, the nobleſt Affection that Body is 
ende! with : by the mediation whereof, Nature diſco- 
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Confuſion of Ideas, and the Darkneſs that thence 


aroſe, appear to have been ſo great, that amongſt 
the Follies of Diſputation, the natural and ſimple 


Notion that they had of it, ſeems to have been loſt 


amongſt them. For there can ſcarce be found one 
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of the common People, or the meaneſt Artificer, but 
he knows mare of the true Nature and Cauſe of 
Motion than all theſe wrangling Philoſophers toge- 
ther, fome of which were arrived to that height of 
| Folly, as to deny all Motion, as a thing impoſlible, 
to Bodies; and they propoſed ſome Cavils, whereby 


they flattered themſelves that they had demonſtrated 


its Impoſſibility. 
Aſto- 
guments: and the firſt ſhall be that of Diodorus Cro- 
nus; namely, If a Body moves, it muſt either move 
in the place where it is, or in the place where it is 
not, both which are impoſſible: for if it moves in 
Cold 
place, and ſo there will be no Motion; in like man- 
ner it cannot move in the place where it is not, 
becauſe nothing acts in a 
fore a Body will not move at all. I anſwer, that a 
Body neither moves in the place where it is, nor in 
the place where it is not, but it moves from one 
place to another. 5 


W x will produce here ſome of their ſtrongeſt Ar- 


the place where it is, it will never depart from that 


place where it is not: there- 


TE ſecond Argument ſhall be that of Zeno, to 


eration which he gave the Name of Achilles: and thereby he 
| endeavours to prove, that if there be ſuch a thing as 
Motion, Achilles, though ever ſo ſwift, could never 
| overtake a Tortoiſe, though the loweſt of Animals. 
| The Argument is this: Suppoſe Achilles to be di- 
| ſtant from the Tortoiſe a certain finite Space, as, for 
example, a Mile, and let us ſuppoſe he moves an hun- 
| dred times faſter than the Tortoiſe ; therefore whilſt 
Achilles runs one Mile, the Tortoiſe has moved forwards 


| the hundredth part of a Mile; fo that Achilles has 
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not yet overtaken the Tortoiſe: And again whilſt A 


chilles paſſes over that hundredth part of a Mile, the 
Tortoiſe in the mean while will have creeped through 
the ten thouſandth part of a Mile; inſomuch that 
neither has Achilles yet overtaken the Tortoiſe. After 
the ſame manner, whilſt Achilles runs that ten thou- 
ſandth part of a Mile, the Tortoiſe will have advanced 
forwards the million part of a Mile ; ſo that Achilles 
has not yet come up with the Tortoiſe. And fo he 
may go on in infinitum, nor will he ever be able to 


overtake the Tortoiſe, but there will be always ſome] 


diſtance betwixt Achilles and the Tortoiſe. 

THis is the famous Argument of Zeno; to an- 
ſwer Which, ſome have wrote whole Treatiſes: but 
we ſhall eaſily diſſolve the Knot, by ſaying, That : 


Mile, together with the hundredth part of a Mile, 


together with the ten thouſandth part of a Mile, 
with the million part of a Mile, and ſo on in infin- 
tum, will be equal to a finite Quantity, For it 1 
demonſtrated by the Arithmeticians, that the Sum 
of any Series of Quantities decreaſing in any Geo- 
metrical proportion ix inſinitum, will be equal to a 


* | . 1 . 
finite Quantity; but the — part of a Mile toge. 


I 


ther with the —— part, together with the 
10 000 1 | | 1 000 00! 


part, together with the — or the hundred 


100 000 000? 
million part, and ſo on in infinilum, is a Series of 
Quantities decreaſing in Geometrical Proportion i 
infinitum : ſo that its Sum, fince it is equa] to 1 
finite Quantity, may be run over by a Body moving 
with a given Velocity, in a finite time. For let u 


ſuppoſe Achilles in the ſpace of an Hour to run a 


Mile, and therefore he will paſs over the hundredti 
part of a Mile in the hundredth part of an Hour, 
and the ten thouſandth part of a Mile in the tet 
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thouſandth part of an Hour; and after the ſame 
manner he will move through the million part of a 
Mile in the million part of an Hour, and ſo of the 
reſt. If therefore one Hour, together with the hun- 
dredth part of an Hour, together with the ten thou- 


ſandth part of an Hour, together with the million 
| | I | 3 Pp . 
part of an Hour, þ —————, &c. in inſinitum; iÞ 
I ſay, the Sum of this Series continued in infinitum 
is equal to an infinite Space of Time, it is certain 


Achi#es would never overtake the Tortoiſe in any 


finite Time: but ſince, as we ſaid before, the 


5 


| Sc. Parts of an Hour, is 
100 10 000 1000 000 ö 


a Series of Quantities decreaſing in Geometrical Pro- 


portion in infnitum ; its Sum will be equal to a finite 
Quantity, viz. the ninety-ninth part of an Hour, 


as might be eaſily demonſtrated. And within that 
Space of Time, all the Particles of Time, however 
infinite in Number, will be paſſed by. We fſfay 


therefore, that Achilles will overtake the Tortoiſe, af- 


ter one Hour, and all thoſe Particles of Time con- 


_ tained in the foregoing Series, and which are infinite 


in Number, are expired; that is, he will arrive at the 
Tortoiſe, after one Hour and the ninety-ninth Part of 
an Hour: And ſo the Force of this Argument is 
deſtroyed, tho? its Patrons have fo often boaſted of it 
as unanſwerable. 

THIS Argument is alſo wont to be brought a- 
gainſt Motion: Let B and C be two contiguous 


Points, and the Body A be moved from B to C, in 


an Inſtant D: when A is moved, it is ſuppoſed to be 
in B, and therefore in that Inſtant it cannot arrive ar 
C, namely, becauſe it is ſuppoſed to be in B; and 
it cannot be in both in the ſame Inſtant, becauſe no- 


thing can be at once in two places, that 1s, in the 


fame Inſtant ; and therefore in the Inſtant in which 
F 4 it 


72 An Introduction to 


it is in B, it cannot arrive at C, becauſe it is yet | 


ſuppoſed to be in B; and conſequently, according to 
the Authors of this Argument, it will never come 
„ 

Ir is eaſy to anſwer to this Argument, by ſaying 
that at the Beginning of the Inſtant P, indeed H s 
in the Point B, but at the end of it, in C; for that 
Time wherein any finite Motion is performed, muſt 
have a beginning and an end. 

B u T beſides, in this Argument there are not a few 
things aſſumed, which are falſe and impoſſible: as, for 
example, when two Points are ſuppoſed contiguous, 
If by a Point is meant an jndiviſible Part, or the 
leaſt Quantity, we have before demonſtrated, that 
there are not given ſuch Points; and therefore if the 
Argument reſts on this H ypotheſis, it will be impoſ- 
fible it ſhould have any 3 on the human Mind, 
againſt the Exiſtence of Motion. But if by Points 
are meant mathematical Points, ſuch, for example, 
AS are the Terminations, Interſettions and Contacts 
of Lines, theſe indeed we acknowledge as poſſible, 


however it is impoſſible that any ching ſhould move 


in them: for whatever moves, it muſt move through 
2 Space; but a mathematical Point contiguous to 
another Point, cannot make a Space, but a Point 
only. For as in Arithmetick a thouſand Cyphers, 
or Nothing taken a thouſand times, ſtill is equiva- 
Jent to Nothing; ſo in Geometry a thouſand Points, 
or indeed an infinite Number of them together, do 
not compoſe any Quantity, but are equivalent to a 
Point, or no Quantity. Whence, ünce two conti- 
guous Points are but equal to a Point, I readily 
rant that Motion cannot be through them: but no- 
thing abſurd follows from thence, for Motion through 
2 Space is not taken away, but Motion through a 
Point; and it would beabturd indeed to grant ſuch 

a Motion to be. 
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WAA we have ſaid of Points, the ſame may be 
accommodated to Inſtants or Moments of Time, by 
ſhewing that as all Magnitudes, ſo likewiſe Time is 
diviſible in inſinitum; ſo that there is no Particle of 


2 Time that can be properly called an Inſtant or Point 
Hs : 


of Time: as no Part of a Line coincides with a Geo- 
metrical Point, and as infinite Points do not compoſe 
a Line, but a Point, ſo likewiſe infiffite Moments, or 


Points of Time, are equal to no Time. An Interval 
indeed of Time betwixt different Moments, may be 
| equal to a given Time, but the Moments themſelves 
vill be equal to no Time; for Time is not compounded 


of Moments, but of Parts, which are alſo Times, nor 


is Motion performed in an Inſtant, but in Time. 


Bu r leaving theſe Trifles, we return to our De- 


Ste the Motion, of which we are to treat, is 


| local Motion, our Purpoſe requires, that we firſt 
deliver ſome things concerning Place and Time. 


Place is wont to be diſtinguiſhed into internal and 
The internal Place is the Space that 1s 
filled by the Body which is faid to be in that Place; 
but the external Place is that alone, which by Ari- 


| ftotle is defined, and called the concave Superficies of 


the ambient Body, and which contains the Body that 
is faid to be there placed. 
Bu T perhaps Place, as well as Space, is more 


| clearly diſtinguiſhed into abſolute and relative. Ab- 
| ſolute or primary Place is that part of the immove- 
able, permanent, and every way expanded Space, 


which is taken up by the Body there placed. Rela- 
tive or ſecondary Place is that apparent and ſenſible 
one, which is diſcerned by our Senſes from its Si- 
tuation in reſpect of other Bodies. For ſince Space 
itſelf is a ſimilar and uniform Being, whoſe Parts 
cannot be ſeen, or diſtinguiſhed from one another ; 
therefore it is fitting that the Places of Bodies be 

=” referrec 
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referred to other Bodies, and determined by thei 
Diſtances from, and Poſitions to, other Bodies: as, 
for example, let us ſuppoſe any one to fit in the Cor- 


ner of ſome Houſe; his place will be defined by the] 


Diſtance, Reſpect, and Poſition, that he has to other 
Corners, Walls, and ſurrounding Bodies, that are 


looked upon as immoveable: and as long as he keeps 
the ſame. Diſtance and Situation from theſe Bodies, 


ſo long 1s he ſuppoſed to remain in the ſame Place, 


So likewiſe if any one fits in a Ship, whether the 
Ship moves or not, as long as he keeps at the ſame 
Diſtance from all the Parts of the Ship, which are 
looked upon as being at reſt, and his Poſition to 
them all remains the ſame, his relative Place will alſo 


remain the ſame, 


WH a T we have ſaid of Place, may be in like] 


manner applied to Space; for that may be diſtin- 


guiſhed into abſolute and relative. We call that ab- ; 


ſolute, which of its own nature, and without rela- 
tion to any thing beſides, always remains ſimilar and 
immoveable. But that is relative which is referred 
to ſome Bodies, by which it is determined and mea- 


ſured ; whole Parts, to wit, always keep the ſame 
Poſition and Situation to thoſe Bodies, and whoſe 


Diſtance from them (viz. Bodies) always remains 

unchanged and the ſame. 
RELATIVE Space is always the ſame with abſo- 
lute Space in Magnitude and Figure, but however it 
is not neceſſary that it ſhould be always numerically 
the ſame Space: for if we ſuppoſe the Ship to be 
moved, the abſolute Space contained within the Cavity 
of the Ship, will be different in different Places; but 
ſince the Cavity and Figure of the Ship remain the 
| ſame, the Magnitude of the Space contained in it, 
and its Figure will be the ſame, and its Parts alike 
ſituated will always have the ſame Poſition and Di- 
ſtance in reſpect ro the ſame Parts of the Ship : 25 
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therefore it ought to be called the ſame relative 
Space. 

8 o likewiſe in the Hypotheſis of the Earth's Mo- 
tion, the Space that is contained within the Walls 
of any Building, altho* by conſidering it as abſolute, 
always is changed; yet ſince the Cavity of the Build- 
ing remains the ſame, there is the ſame Figure, and 
all the ſimilar Parts of the contained Space always 
keep the ſame Situation to the ſame Parts of the 
Building; and ſince they always obſerve the ſame 
Poſition to the relative Space of our Air, as alſo to 
all the Parts of the Earth, that Space may be called 
relative. 

Am p after the ſame manner may Time be diſtin- 
ouiſhed into abſolute and relative. Abſolute Time 
flows equally, that is, it never proceeds faſter or 
ſlower, but without any relation to the Motion of 
Bodies, it glides along with an equal Tenour. Re- 


lative or apparent Time is the ſenſible Meaſure of 


any Duration by the means of Motion; for ſince the 
equal Flux of Time itſelf does not affect the Senſes, 
there muſt be called in the help of an equable Mo- 
tion, as {ame ſenſible Meaſure, which may determine 
its Quantity, whoſe Parts may always correſpond 
and be proportionable to the Parts of Time. Bur 
that uniform Motion, which is to be applied to the 
Meaſure of Time, ought to be the moſt remarkable, 
obvious to every one, and affecting the Senſes of all, 
ſuch as are commonly thought to be the Revolutions 


of the Sun, and Moon, and Stars: by which we di- 


vide Time into Hours, Days, Months, and Years. 
And as we judge thoſe Times to be equal, that paſs 
whilſt a moving Body, carried by an equable Velo- 
city, runs over equal Spaces; ſo likewiſe thoſe Times 
are fajd to be equal, which flow whilſt the Sun or 
Moon perform their Revolutions, that to our Senſes 
are equal. 


But 
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Bu r ſince, as we ſaid before, the Flux of Time 
cannot be accelerated or retarded, but all Bodies are 
moved ſometimes faſter and ſometimes flower, nor 
perhaps is there given in nature a perfectly equable 


Motion ; it is neceſſary that abſolute Time ſhould 


e ſomething truly and really diſtin from Motion, 
not does its Nature more depend on the Motion of 
Bodies than on their Reſt. For let us ſuppoſe the 
Heavens and the Stars to have remained without 


Motion from the very Creation of the World. it does 


not thence follow that the Courſe of Time would 
have been at a ſtand, but the Duration of that qui- 


eſcent State would be equal to the very Time that 


1s now elapſed. Beſides, ſince we learn from the 
Scriptures, that in the days of Jaſbua the Sun re- 
mained for ſome time immoveable in the ſame part 
of the Heavens, yet abſolute Time was not there- 
fore at a ſtand, and began again its Courſe with the 


Sun, but flowed in the ſame Tenour as before, altho? 


all the Sun-Dials ſhewed the ſame Hour of the Day, 


during all the time of that Station: and ſo indeed 


the apparent Time, via. that related to the Motion 
of the Sun, ſtood ſtill, when in the mean while the 
abſolute Time proceeded uniformly on. 3 

S o likewiſe ſince at preſent the apparent Motion 
of the Sun is not uniform, neither will its diurnal 
Revolution be equable, as all the Aſtronomers ac- 


| knowledge, but ſometimes it proceeds in a ſwifter, 


ſometimes in a flower degree; and therefore the na- 
tural Day, „oui ,,, or the Space of Time elapſed 
in one diurnal Revolution, will be ſometimes leſs, 


ſometimes greater: ſo that the apparent Time does 


not proceed in the fame Tenour as the abſolute, 
whence it ought to be diſtinguiſhed from it. 

SINCE abſolute Time is a Quantity uniformly 
extended, and in its own nature moſt ſimple, it may 
be aptly repreſented and propoſed to our Imagina- 
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tion by the moſt ſimple Magnitudes: ſuch, in the 
firſt place, ſeem to be right Lines and Circles, with 
which and Time there is a certain Analogy. For all 
the Parts as well of Time as of right Lines and Circles, 
are every where ſimilar and uniform; and as a Line 


| 3s generated by the Motion or Flux of a Point, whoſe 


Quantity depends on one Length determinated by 
Motion; ſo likewiſe Time may in ſome meaſure be 
looked upon as the Path of an Inſtant continually gli- 


ding along,whoſe Quantity flows from one Succeſſion, 
| as it were ſtretched out in Length, and which is demon- 


ſtrated by the Length of the Space paſſed over; and 
therefore may be beſt repreſented by the Flux of a 


Point or a right Line, which will be often done in 


what follows, . 
B u x it muſt be obſerved, that we underſtand by 


the word Time, that Space of Time wherein Motion 
zs performed; ſo that when we treat of Philoſophical 
Matters and of Motion, it (viz. Time) may be fitly 
defined with Ariſtotle, Menſura Motus ſecundum prius 


& poſterius ; that is, the Medſure of Motion according 10 


s what is paſt and what is to come: not indeed as conſi- 
dering the abfolute Nature of Time, but that Con- 
nection which Motion has with it; namely, as no 
Space can be paſſed over in an Inſtant by a Body in 
Motion, but all Motion is performed ſucceſſively, 


and according to the Flux of Time, which Motion 


© therefore may be compared with the Quantity of 
| Time, and be meaſured by its Flux. 
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LECTURE VIL 


N Change of Place. 

Ai I. CELERITY is an Afettion of Mo- 

tion, whereby a Body in Motion paſſes 
over a given $ pace in a given Time. 


III. Bur Reft is the Permanence of any Body in the 
ſame Place. 


Hr xc E it follows, that Reſt, Motion, and Ce- 
lerity are twofold, according to the double Diſtinc- 
tion of Place, diz. abſolute and relative. 


IV. AzsoLuTz Motion is the Change of abſolute Flats 
and its Celerity is meaſured by abſolute Space. 

V. ABsoLUTE Reft is the Permanence of a Body in 
the ſame abſolute Place. 


VI. ReLative Motion is the Change of relative — 


whoſe Celerity is meaſured by relative Space. 


VII. Bu 1 relative Reſt is the Permanence of a Body in 


the ſame relative Place. 


FR OM theſe it follows, Firſt, That a Perſon may 
relatively be at reſt, who yet, in reſpect to abſolute 
Space, may truly and abſolutely be in motion: As, 
for example, if any one ſhould be ſeated in a Ship, 
ſince he keeps the ſame relative Place, and retains the 


fame Situation and Diſtance in reſpect to the other 


Parrs of the Ship, which are looked upon as quiet- 
cent, he 1s relatively at reſt ; though in the mean 
while 
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| ſame Celerity, and according to the ſame Courſe, as 
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with the 


the Ship is borne by the Winds; in gue caſe, all 
the Parts of the Ship keeping the ſaffle Situation a- 

mongſt themſelves, will appear to the Spectator pla- 
ced within the Ship, as if they wereat reft: on the 
contrary, whilſt the Ship is in motion, the Shore and 
other circumjacent Bodies out of the Ship, vill ap- 
pear to a Spectator in the Ship, to be moved with 
the ſame Celerity, but towards contrary Parts, as the 


Ship, or it will recede from them. The Reaſon of this 


Appearance may be eafily ſhewn from Opticks : for 
thoſe Bodies ſeem to be at reſt, which keep always 
the ſame Poſitions and Diſtances in reſpect to the Eye 
itſelf; but thoſe Bodies which we ſee to be moved, we 


| find them change their Diſtance and Poſitions in re- 


ſpect to our Eyes. But we will conſider this matter 
a little farther, _ 

SIN CE Opricks teach us, that every Body, which 
is viſible, has, by means of the Rays which proceed 
from that Object, its Image painted on the bottom 
of the Eye, or Retina; it follows, that thoſe Ob- 
jects will ſeem to be moved, whoſe Images are moved 
on the Retina, that is, which paſs over ſucceſſively 
the different Parts of the Retina, whilſt the Eye is 
ſuppoſed to be at reſt: but thoſe Objects will be 
looked upon as being at reſt, whoſe Images always 
occupy the ſame part of the Retina, that is, when 
the Motion of thoſe Images are not perceived in the 
bottom of the Eye. And hence it is, that they who 
are feated in a Ship, do not perceive the Motion of 


the Ship: for all the Parts of the Ship being rela- 


tively at reſt amongſt themſelves, keeping the ſame 
Poſition and Diſtance in reſpect to the Eye, will 
have their Images always painted on the ſame Parts 
of the Retina; therefore their Motion will not be 
ſeen, But when the Spectator rurns his Eyes towards 

the 
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the Shore, whilſt the Ship is moved, it is neceſſary 


that any external Object ſhould change its Situation 
in reſpect to the Eye, and therefore its Image wilt 


ſucceſſively o@upy different Parts of the Retina; 


that is, the external Object will ſeem to move. For 
the fame reaſon, if the Earth is moved about the 
Sun, or its own Axis, its Motion will not be per- 
ceived by the Inhabitants, of the Earth; viz. ſince 


the Edifices and all viſible Objects on the Earth re- 
maining in the ſame Parts of the Earth, will always 


keep the ſame Poſition amongſt themſelves and to the 
Eye; but if the Stars, and all other Bodies not fixed 
to the Earth, are beheld, thoſe, for the ſame. cauſe 
as the Shore before, will be ſeen to move: that is, 
it the Earth is turned about its Axis from Weſt to 
Eaſt, the Sun and the other Stars will be beheld to 
move from the Eaſt to the Weſt. 5 


By x leaving for a while the Motion of the Earth, 


let us return to the Example of a Ship: If the Ship 
is carried in any Direction whatever, as, for example, 
towards the Eaſt; and any one ſitting in the Prow, 
ſhould caſt a Stone towards the Weſt, with the ſame 
Velocity as the Ship itſelf has towards the Eaſt ; 
the Stone in this caſe would ſeem to the Spectator 
within the Ship, to be moved towards the Weſt, and 


its relative Velocity would be equal to the abſolute 
Celerity of the Ship itſelf: yet in truth the Stone 


would be at reſt in the abſolute Space, abſtracting 
trom the Motion of the Earth, and all that which 
may ariſe from Gravity, And it we ſuppoſe any 
Perſon to be placed out of the Ship hanging in the 
Air, he would behold the Stone at reſt ; but ſince 
the Stone 1s heavy, he would ſee it move only per- 
pendiculurly downwards, not tending more towards 
the Eaſt than towards the Weſt: for the Force im- 
preſſed on the Stone by the Caſter, does nothing 
elle but deſtroy the equal Force of Motion, that was 
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with a given Celerity impinges 
on the Body A at reſt, or it B 
be at reſt, and A with the ſame Celerity ruſhes on 
it: or if each Body ſhould be moved towards the ſame 
part, and the ſubſequent Body A moving the faſteſt, 


9 
eee 
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Z communicated to it from the Ship moving in a con- 


8 1 


Body or Space being in 
motion, likewiſe all Bodies or Particles of Bodies re- 


latively at reſt within that Body or Space, will be 


moved with the ſame Celerity, and in the fame Di- 


BU rr ſome may object, That the Stone thrown 


from the Hand of the Caſter, lights on the Poup, 
and gives it a blow: and fince the Stone ſtrikes againſt 
the Poup itſelf, it cannot but be moved. 
ic is true indeed that thoſe who are within the Ship 
£2 behold the Stone lighting on and ſtriking againſt the 
Poup; but if any one is ſuppoſed hanging in the Air 
out of the Ship, he would not ſee the Stone moving 
towards the Poup, but the Poup towards the Stone, 
and ſtriking it; and the Magnitude of the Stroke, 
that is received on each Body, will be altogether 
the ſame as if the Ship was ar reſt, and the Stone 
really impelled towards the Poup, with the ſame Ce- 


] anſwer, 


lerity wherewith the Poup arrives at the Stone. For 
if there are two Bodies, A 

and B, however equal or un- 

equal; the Force of Percuſſion f 

will be the ſame, whether B WC 


ſhould impinge on B; the of the Stroke 


Quantit 


will be the fame, as if B was altogether at reſt, and 


A was only born along with the Difference of Cele- 
rities, that is, whereby its Celerity exceeds the Ce- 
lerity of the Body B: or laſtly, if A and B were 
carried towards different Parts, the Magnitude of 
the Stroke would be the ſame, as if one was at reſt, 


and the other moved, with a Celerity that is equal 


O 


to the Sum of the former Velocities. I ſay, in flies 


monſtrated hereafter. But let us return to our Ex- 
ample of the Ship. 


be placed out of the Ship in the Air, towards the 
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the c 
the relative Velocity of Bodies always remaining the Þ the P 
ſame, as that wherewith they arrive at one another, I che a 
the Quantity of Percuſſion will be likewiſe the ſame, : 
however the true Velocities are ſhared, as will be de- 


Ix the Force with which a Stone is thrown by the 5 
Caſter, is leſs than that which it receives in this 'F 
caſe from the Motion of the Ship, that Stone is truly yas r 
carried by its abſolute Motion towards the ſame with 
Parts, as the Ship itſelf: that is, it will be ſeen to] from 
move by the Spectator, whom we have ſuppoſed to aan 
the B 
Eaft, with a Celerity, whereby the Celerity of the again. 
Ship exceeds the Celerity of the Motion impreſſed * re 
by the Hand of the Caſter; but to thoſe placed in b Ir 
the Ship, the Stone will appear to move towards the |Explc 
Weſt, with the very ſame Celerity that it received munic 


from the Hand of the Caſter, with which alſo it will Br e B 


ſeem to ſtrike on the Poup. {bur b 

Bur if any one ſetting in the Poup ſhould throw || gare re 
a Stone towards the Prow, its true and abſolute ¶ to us 
Motion would be towards the Prow or Eaſt, and itÞ x oppol 
would be beheld by our Spectator placed out of the by it 
Ship, to be carried with a Celerity that is equal to N had re 
the Sum of two Celerities, whereof one is that which Bullet 
the Stone receiv'd from the Caſter, the other that from 
which was communicated to it from the Motion of ¶ towar 
the Ship. wards 

AL. 1. theſe things may be apply'd to the Hypo- the v 
cheſis of the Earth's Motion. For. if the Earth only that v 
revolved about its Axis from the Weſt towards the I ſo that 
Faſt, and a Stone or Bullet ſhould be thrown by 2 with t 
Cannon to the Weſt, with that Velocity whereby the A x 
Earth is turned about its Axis; the Impetus, that I Space. 


the Bullet receives from the Cannon, would deſtroy ] dame, 
the 
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1 ſhort, Þ the contrary Impetus, that was impreſſed on it by 


ing the 
mother, 
e ſame, 


| be de- ¶ chat live on the; Earth, and revolve together with it, 
Dur Ex. 


the Earth: ſo that the Bullet would be at reſt in 
the abſolute Space, if we have no regard to the Mo- 


wards the Weſt; and if any Wall was oppos'd to its 


by the apparent Motion, they would ſee the Bullet ſtriking 
in this] againſt the Wall with the ſame force as if the Wall 
is truly was really at reſt, and the Bullet impinged againſt it 
1e ſame 


{ vich the Celerity, which in that caſe it had received 


ſeen to from the Exploſion: for, as we faid before, the 


5ofed to Quantity of the Stroke would be the ſame, whether 
rds the the Bullet was thrown with a determinate Celeriry 
of the againſt the Wall at reſt, or the Wall met the Bullet 
nprefled at reſt with the ſame Celerity. 
laced in Ir the Force that is impreſſed on the Bullet by the 
rds the Exploſion of the Gun, be leſs than that which is com- 
received municated to it by the diurnal Motion of the Earth, 
> it Will J cke Bullet will be really carried towards the Eaſt ; 


but becauſe its Velocity is leſs than that whereby we 
gare revolved towards the Eaſt, the Bullet will appear 
to us to tend towards the Weſt, and any Object that 
C oppoſes its apparent Motion, will ſeem to be ſtruck 
by it with the ſame force, as if really the Obſtacle 
had remained in the ſame abſolute Space, and the 
Bullet had impinged on it with the Force it received 
from the Gun. If, laſtly, the Bullet be diſploded 
towards the Faſt, its abſolute Motion will be to- 
wards the Eaſt, and its Velocity will as much exceed 


{ throw 
abſolute 
and it 
it of the 
equal to 
t which 
er that 
otion of 


Hypo- the Velocity wherewith the Earth is moved, as is 
th only that which is imprefled on the Bullet by the Gun; 


ards the ¶ ſo that it ruſhes on and ſtrikes againſt any Obſtacle 
wn by 2 with that only Difference of Velocity. 
reby the AND univerſally, of all Bodies include i 2 


71ven 


us, that I Space, their Motions amongſt themſcives will he tte 


deſtroy dame, their Congreſs the fame, the fare tors oi 


the | G 2 


"a 2 » 
44412 


tion ariſing from its Gravity. Nevertheleſs thoſe 


vould behold the Stone or Bullet ſwiftly carried to- 
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their Percuſſion, whether that Space is at reſt, & 
moves uniformly in a right Line. 


HAV IN, and that prolixly enough, explained 


Motion, Reſt, Celerity, as well abſolute as relative, 
we now come to define other Terms. TIT 


VIII. Tun Space paſſed over is the Way that by K 


Body is run through in its Motion. 


IX. Irs Length is the right Line that is deſcribed ij 


the Center of the moved Body. 


X. Tx Direttion of Motion is the right Line hi 


the moving Body tends. 


XI. EqQuaBLt Motion is when the moving Body d. 


ſcribes all the Paris of the Length or Space paſſed ove 
always with the ſame Celerity. 


XII. AccEtLERATED Motion is that, whoſe V 


locity increaſes continually, 


XIII. RyrARDTD Motion is that, whoſe Veloci 


is continually diminiſhcd, 


33 


XIV. Mor io equably accelerated is that to wi 


in equal Times there is always added equal Increment 


of Velocity. 4 
XV. Mor To N euably retarded is that, coe Vil: 
city in equal Times equally decreaſes, even to reſt. 
XVI A MomEenTumM (which is often called it 
Quantity of Motion, and alſo ſimply Motion) is ili 


s 


Power or Force incident to moving Bodies, whereby d 


continually tend from their preſent Places. 


XVII. Bu T an Imfediment is that, which obſtruds"|þ 


reſiſts Motion, and deſtroys, or at leaſt diminiſhes it 


XVIII. Tur moving Force is the Power of an A 


to cauſe Motion, ? 


XIX. An impreſſed Force is an Action exerted 01 


Body, to chance ils State either of Molion or Refs 


{x a Body A at reſt is put in motion with a given 
Celerity, the Force that is impreſſed on it, and / 
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receiving which it begins to move with a given Ve- 
locity, is called the impreſſed Force; in which caſe 
it only differs from the moving Force in the Manner 
of conceiving it: for the ſame Force, as it proceeds 
from the Agent, is called the moving Force, and as 
it is received by the Patient, the impreſſed Force. 
So likewiſe if a Body B is moving, a certain determi- 
nate Force is required to diminiſh its Motion, and 
alſo a certain determinate Force is neceſſary to put 
a thorough ſtop to its Motion; which, when it is 
exerted on the Body B, it is called the impreſſed 
Forte EE 
I Am not ignorant that there are ſome Philoſo- 
phers who do not diſtinguiſh the Quantity of Motion 
from its Celerity ; but ſay thoſe Bodies have equal 
Motions, that are moved with an equal Celerity, 
whether the Bodies themſelves are equal or unequal, 
whether one is very ſmall, and the other ever ſo 
great, fo that each Body is carried with the ſame 
Velocity, they contend that the Quantity of Mo- 
tion in each will always remain the lame. , But not 
only Reaſon, but Experience, ſhews that Motion is 
not only increaſed in the Ratio of the Velacity, but 
alſo in that of the Bulk or Magnitude, the Bodies 
being ſuppoſed homogeneal, or of the ſame Species : 
As, for example, let A and B 2 
be two Bodies, A the greater, 
and B the leſs, and the Mo- 
mentum or Quantity of Motion 
of A will be not only greater 
than the Momentum of B, if A is moved ſwifter than 
B; but if both are carried with an equal Celerity, 
the Force or Energy whereby the greater Body A is 
carried, will be greater than that which the Body B 
has to change its place; becauſe there is required a 
greater contrary Force of an Obſtacle or Impediment 
to ſtop the Motion of the greater Body A, than that 
G 3 which 
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which is neceſſary to deſtroy the Motion of the ſeſs 
Body B. For if the Body A is an hundred Pounds 
weight, but the Body B one Pound only, and if in 
both Bodies the Celerities are equal; the Force that 
the Body A exerts, and whereby it endeavours to 
remove an Obſtacle, (and therefore the Force of the 
Impediment reſiſting and deſtroying its Motion, will 
be much greater than the Force of the Motion of the 
Body B) viz. whereby it endeavours to remove the 
Impediment, and the Force of that Impediment, 
which 1s neceſſarily required to deftroy the Motion 
of the Body B, will be leſs than the Force of the 
Impediment that ſhall be ſufficient to take away the 
Motion of the moving Body A. But we ſhall here- 
after give Theorems, whereby may be eſtimated the 
Quantity of Motion, and its Meaſure be determined. 


XX. THrosr moving Forces are equal, which acting 
alike, produce equal Quantities of Motion in a given 

Time. ; | 

XXI. THos E Forces are contrary, whoſe Lines of Di- 
rection are contrary. 
XXII. GR AvIT y 1 a Force bearing downwards, 
whereby Bodies tend to the Earth in right Lines. 
XXIII. A CENTRIPET AI. Force is that Force 
whereby a Body continually tends to ſome Point as a 
Center; and hence it follows, that Gravily is a certain 
centripetal Force, os 

XXIV. Bu r by a Centriſugal Force we mean a Force 
whereby any Body is continually ſollicited to recede 
from a Center. OY 


Bur theſe Forces are always eftimated by the 


contrary Forces, that are able to keep the Bodies in 


the ſame ſtate. So if any Body fixcd to a String Bs 


revolved about an immoveable Center, the Force 
whereby it endeavours to recede from the Center, is 
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Natural Philoſophy. 
the centrifugal Force; but the Action of the String 
reſiſting and continually drawing back the Body 
[cowards the Center, whereby it comes to paſs that 
the Body is always retained in the fame Circle, will 
be as a centripetal Force equal to the centrifugal one, 
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ſo that one of theſe Forces may be aptly eſtimated 


by the other. So likewiſe the Force of Gravity of 
any Body is known by a Force contrary and equal 
to it, whereby 

that Force may 
Body acting contrarily by means of 2 mechanical 


its Deſcent may be hindered. But 
be either the weight of another 


Iinſtrument, as, for example, a Balance, or a centri- 


fugal Force that will ariſe, if that Body revolves in a 
Circle about the Center of the Earth with ſome certain 


and determinate Velocity; or laſtly, it may be the 
Firmneſs and Reſiſtance of another Body on which 
the prefling Weight reſts. 


XXV. Ta E Accelerating Quantity of any Force, is 


the Meaſure of the Velocity which that Force generates. 
in a given time. 


Ar the ſame Diſtance from the Earth, all Bodies, 
of how unequal weight ſoever they are, do deſcend 
| equally ſwift, and therefore their accelerating Forces 


are equal; but at unequal Diſtances they are un- 
| equally accelerated, viz. at a greater, leſs 3 at a leſs 
| Diſtance, more, 
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LECTURE VIII. 


SAVING finiſhed the Definitions, which 
were neceſſary to explain ſuch things as are 
Ai I not ſufficiently clear, or thoſe Terms that 
„are leſs uſual, we now come to treat of the 
But ſince the Object of Nati. 
ral Philoſophy are Bodies and their Actions on one an- 
other, which are not ſo eaſily and diſtinctly conceived, 
as thoſe ſimple Species of Magnitudes which are the 
Subjects of Geometry ; I would not have any one, 
in phyſical Matters, inſiſt ſo much on a rigid Me. 
thod of Demonſtration, as to expect the Principle 
of Demonſtrations, that is, Axioms ſo clear and evi. 


dent in themſelves, as thoſe that are delivered in the 


Elements of Geometry: for the Nature of the thing 
will not admit of ſuch. But we think it ſufficient, 


if we deliver ſuch as we apprehend are congruous t1 


Reaſon and Experience, whoſe Truth ſhines out, 
it were, at firſt view, which procure the Belief of ſuch 
as are not obſtinate, and to which nobody can den 
his Aſſent, unleſs he profeſſes himſelf to be altogethe 
a Sceptick. | 

Bur alſo in demonftrating, it is neceſſary to mak 
uſe of a more lax ſort of Reaſoning, and to exhibit: 
Propoſitions that are not abſolutely true, but nearlj 
approaching to the Truth. As, for example, whe! 


it is demonſtrated that all the Vibrations of the fam} 


Pendulum made in the ſmall Arches of a Circle, are oF 


equal Duration; it is here ſuppoſed, that the ſmall 
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but in Phyſicks, this Hypotheſis varies fo little from 
the Truth, that the Difference ought juſtly to be 
neglected, and the Diſagreement of the Vibrations 
ariſing from that Difference, is altogether inſenſible, 
as is proved by Experience. So likewiſe that eminent 
Philoſopher and Geometer, Dr. Gregory, in his Ele- 
ments of Catoptricks and Dioptricks, makes uſe of a 
more lax Geometry, by aſſuming Lines and Angles 
as equal, that in reality are unequal, tho* they accede 
nearly to an Equality: And ſo he ſolves many beau- 
tiful Phyſical Problems, which otherwiſe would prove 
very intricate, And alſo this Method ſeems to be ap- 
proved of ſometimes by Sir Iſaac Newton himſelf, as 
may be ſeen in Prop. 3. Lib. 2. of his Philoſophie Na- 
turalis Princip, Math. * : 

BuT if there are any who harden their Minds 
againſt ſuch Principles and Demonſtrations, and will 
not ſuffer themſelves to be convinced by Propoſitions 
ſufficiently manifeſt ; we leave ſuch to enjoy their ſu- 
pine Ignorance, nor do we think them worthy to be 
admitted to the knowledge of the true Philoſophy. 


AXIOMS. 


|. THERE are no Properties or Afections of a None 
entity or Nothing. ” 

II. No Body can be naturally annihilated. 

III. Ever V Mutation induced in a natural Body, pro- 
ceeds from an external Agent ; fer every Body is a 
liſtleſs Heap of Matter, and it cannot induce any Mu- 
tation in itſelſ. 15 

IV. ErrecTs are porportionable to their adequate 
Cauſes. a 

V. Tnr Cauſes of Natural Things are ſuch, as are the 
moſt ſimnle, and are ſufficient to explain the Phenomena : 
for Nature always proczeds in the ſimpleſt and moſt ex- 
peditious Method; becauſe by this Manner of operating 
the Divine Wiſdom diſplays itſelf the more. 1 

# 
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VI. NATURAL Eſfelis of the ſame kind have the 
ſame Caufes : as the Deſcent of a Stone and a Piece of 
Hood proceeds from the ſame Cauſe ; and there is alſo 
the ſame Cauſe of Light and Heat in the Sun and in a 
Kitchen-Fire, of the Reflection of Light in the Earth 
and in the Planets. 

VII. Ir ,wo things are fo connected together, that they 
perpetually accompany each other, that is, if one of them 
is changed or removed, the other likewiſe will be in the 
fame manner changed or removed ; either one of theſe 


i the Cauſe of the other, or they both proceed from the 
ſame common Cauſe. 


So if there be a magnetick Needle moveable on 


an Axis, upon a Loadſtone being brought near it, and 


moved round it, the Needle will immediately be 
moved with the ſame Tenour: and if the Mo- 
tion of the Loadſtone be ſtopped, the Circulation 


of the Needle likewiſe ſtops; and it will again be- 


gin to revolve, as ſoon as the Loadſtone is again 
moved: whence nobody can doubt, but that the 


circular Motion of the Needle depends on the Mo- 


tion of the Loadſtone. So likewiſe ſince the Flux 
and Reflux of the Sea happens at the ſame place when 
the Moon comes to the ſame Hour-Circle, and con- 
ſtantly obſerves its Motion; inſomuch that a Period 
of the Tides fo preciſely anſwers to the Period of 


the Moon's Motions, that there has been found no 
Aberration for ſo many Ages; 


for it is retarded 48 
Minutes every day, and at the Conjunction of the 
Sun and Moon, the Tides are always at the higheſt, 
and in their Quadratures at the loweſt : Whence it 


muſt be granted, that the Flux of the Sea depends on 


che Motion of the Moon, and its Situation in reſpect 


to the Sun. 
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Lect. 8. 
| VIII. Any Body being moved in any Direction, all its 
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Particles which are relatively al reſt in it, proceed to- 
gether in the ſame Direttion with the ſame Velocity 
that is, a relative Place being moved, that which 1s 
placed therein will be alſo moved. 


: IX. EQUAL 2uantities of Matter carried along with 


the ſame Velocity, their Momenta or Quaniities of Mos 
tion will be equal, 


Fox the Momentum of any Body is the Sum of 


the Momenta of all the Particles compoſing that 
Body; and therefore where the Magnitudes and 
Numbers of the Particles are equal, the Momenta 
| will be equal. 


KX. EqQu a1. and contrary Forces aSing o on the ſame 


Bedy, deſtroy their mutual Effects. 


XI. Bu T from unequal and contrary Forces there is 


produced a Moliom equivalent to the Exceſs of the 
greater Force. 


; XII. AMO T ION produced from conſpiring Forces, 


that is, acting in the ſame Direction, is equivalent to 
their Sum. 


XIII. Ir what is equivalent be either augmented, or its 


contrary diminiſhed, then it becomes the greater. 
THE Y who would philoſophize mechanically, ex- 


hibite the two following. 
XIV. ALL Matter is every where of the * ſame Nature, 


aud has the ſame eſſential Attributes, whether it is in 
the Heavens or on the Earth, whether it appears under 
the form of a fluid Body, or a hard, or of any other 
whatever ; Ibat is, he Matler of any Body, for exam-= 


ple of Wed, does not di Fer eſſentially from the Matter 

| of any otter Body waatever. 

XV. Bur the different Forms of Bodies are nothing but 

the different Medifications of the ſame Matter ; and 

depend on the various Magnitude, Figure, Texture, Po- 
2 / en 


We 
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ſition, and other Modes of the Particles c compoſull 4 
Bodies. | 

XVI. S o likewiſe the Qualities, or Actions or Pour 
of ſome Bodies on other Bodies, ariſe only from i 
former Affetions and Motion conjuint!y. 


Boer the Philoſophers ſuppoſe Matter to be thi 
common Subject or Subſtratum of all Forms and Qua. 
lities; that it is indifferent to them all, ſince it i 
capable of them all, and remains the ſame unde 
whatever Form it may appear; and whence it 
called by the Peripateticks Materia prima, or the fir 


Matter. 


Bur although Forms and Qualities are altogethe 
accidental to Matter, yet they neceſſarily and eller 2 
tially belong to Body, which is made up of Form an 

Matter together: as, for example, although ti: 
Matter of Wood i is altogether indifferent to this o 
that Form or Figure and Texture of Particles, whici 


being varied infinite ways, remains the ſame ; e 


the Wood cannot ſubſiſt without that determinaiÞ 
Modification of Particles, which conſtitutes the Forr 


of a wooden Body; which being removed, the Woctſ 
periſhes, and the ſame Matter paſſes into a Body e 
another kind. But that the Form of a wooden Bodi 
conſiſts in the Modification of Particles, is manifel 
upon putting the Wood into the Fire, whereby b 
Matter is deprived of its Form ; for by the Force 0 
the Fire 15d. Tolved the Connection and Texture 0 
Particles, and ſome part of them paſſes into Smok 
and Vapours, and the other is reduced into Aſhes. 

Many Examples are alledged by the Philolo 
phers, to ſhew that the various Magnitudes, Figures 


and Textures of the Particles of the faine Mattel 


may produce various Forms of Bodies, and that vs 
rious Qualities may ariſe from their various Motion 
and Poſition ; of which we ſhall here give ſome la- 
ſtances. 5 Pins 
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FIRST of all, when the Particles of Water are 
rarefied by the Heat of the Sun, they are rais'd out 
of the Sea aloft into the Air under the form of Va- 
pours ; but this new Form is owing to nothing but 
the changed Situation of the Parts : for by Rare- 
faction it happens, that the Particles of Water con- 
tain in themſelves more, and perhaps larger Spaces, 
either altogether empty, or only replete with a very 
rare Æther; whence their Matter takes up a larger 
Space than an equal Quantity of aerial Matter, and 
it is rendered leſs intenſively denſe than the Air, 
and therefore it is forced upwards after the fame 
manner as Cork is, when it is immerſed in Water: 
Nor do theſe Vapours ever ſtop, till they arrive at 
Air of the ſame Gravity, where they reſt relatively, 
and compoſe Clouds that are of a thouſand Shapes. 

Now when by the Courſe of the Winds the Air 
is rendered leſs heavy, the Vapours retaining the 
ſame Gravity, muſt neceſſarily ſubſide, and in their 


fall being condenſed by the Reſiſtance of the Air, 


and driven into a leſs (pace, they loſe their Form, 
and falling to the Earth, aſſume the Species of Rain. 
Moc tf the greateſt part of this is carried to the 
Sea in Rivers, to be changed again into Vapours; 
but ſome part of it mixes with the Earth, and being 
there depoſited, enters into the Roots and Seeds of 
Trees and Herbs, whence it ariſes into other and 
new Species of Bodies. And the fame Rain-Water 


compoſes different Bodies, as it enters into the dif- 


ferent Seeds of things; ſome paſſcs into Plantanes, 


ſome into Grafles, others into Flowers, others into 


Oaks, Aſh, Beech, and other innumerable ſorts of 

Tres and Plants. <5. | 1 
Non in the fame Plants does the Rain- Water 
remain altogether ſimilar, ſince al! Plants conſiſt of 
innumerable heterogeneous Parts : ſo in Hemp, for 
example, the Root is of one form, the Stalk of ano- 
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ther, the flender Fibres of another, the Flowers of 
another, the Seed of another, the Cells containing 


the Seed of another, 
TAE Structure of Veſſels in the ſame Hemp is 


alſo very various; (for, as in an animated Body, 
every Plant has its Veſſels ſerving for the Circulation 


of the Humours) and theſe Parts are of very diffe- 
rent Properties : the Stalk, for example, is a lig- 
neous Body, and after being dryed, becomes very 
friable 3 whilſt the Rind, or 'the Membrane covering 
the Stalk, conſiſts of oblong, very flender and fold- 
ing Fibres variouſly connected together. 

T n : Hemp-dreſlers ſeparate this Membrane from 


its Stallt, and after they have handled it a thouſand 


different ways, they {pin its Fibres into oblong 
Threds ; and the Pofrion and Situation of the Par: 
ticles being changed, theſe Fibres take another and 


avery different Form from that which they had in 


the green Plant, 
THEN tide Threds being wound up, their 


ſmalleſt Particles continuing the ſame, appear in the 
| ſhapes of Bottoms. 


The Weavers variouſly connect 
and weave theſe Threds, and by their Art make out 
of them Webs, that yield Garments for Men, 
Theſe, laſtly, being reduced to Linnen Rags, are 
ſoaked in Water, and by wooden Hammers reduced, 
as it were, into a ſoft Pulp; which at length, the 
aqueous Moiſture being dryed up, is tranſmuted into 
Paper, which if it be put into the Fire, is turned 
partly into a very fine Powder, and partly vaniſhes 
in Smoke. 

B ur all theſe multifarious Forms under which the 
ſame Matter appears, ariſe from nothing but the 
changed Figure, Magnitude, and Texture of Par- 
ticles, and only depend on them. 

S0 when Metals are melted, the Coherence of 


their Parts is diſſolved by the Force of the Fire, and 


che 
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wers of the metallick Particles ſeparated from one another, 
ntaining are hurried about with a moſt rapid Motion, whence 

they aſſume the Form of a fluid Body. 

Jemp is] HEN Cx alſo (as it ſeems) ariſes the Solution of 
1 Body, Salts and Metals in Menſtruums : for their Parts are 
culation ſeparated from one another by Fermentation, and 
ry diffe- being reſolved into their leaſt Particles, they are agi- 
s a lig- Þ tated by the Motion of the Fluid itſelf, whence they 
nes very i will appear as fluid Bodies. From theſe Figures, 
covering and the other Modifications of Bodies and their 
nd fold- Parts, there ariſe many Effects, many Qualities pro- 
per to each ſort of Bodies, which muſt neceſſarily be 
ne from deſtroyed if the Conſtitution of Parts is changed. 
houſand So of the ſame Matter, as, for example, Iron, may 
oblong be formed Keys, Plow-ſhares, Files, Saws, and in- 
the Par- numerable other Inſtruments accommodated to va- 
ther and Þ rious Uſes, whoſe Qualities and Effects ſolely de- 
had in end on their Figures: for whence have Keys the 
power of opening Doors, but from their Figure, 
>, their Þ Magnitude, and Congruity of Parts with the Parts 
r in the of the Locks into which they are put? Whence 
connect have Wedges and Plow-ſhares their power of ſplit- 
ake our ting and dividing Bodies? Have not the Writers of 
r Men, 3 demonſtrated, that they derive it from 
gs, are their Figure alone? Whence are thoſe ſo regular Mo- 
educed, tions performed in Clocks or Watches, but from the 
2th, the Wheels being diſpoſed amongſt themſelves, adapted 
ted into to one another and joined together? Whence, laſtly, 
turned is it, that ſuch great Effects are produced by artificial 
vaniſhes | Machines? Certainly the Reaſon is to be deduced only 
| from their Fabrick. 


hich the No & are natural Bodies leſs indebted to the Con- 
but the ſtitution and Modification of their Parts than artificial 
of Par- ones; for all their Operations proceed only from the 


Motion, Situation, Order, Figure, and Poſition of 
ence of cheir Corpuſcles; which being changed in any Body, 
re, and che Qualities of that Body are allo actually changed. 
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Ir the Superficies of a Body is uneven and rough, 
it reflects every way the Light incident on it ; becauſe 
the ſuperficial Parts receiving and remitting the Light, 
are not all in one and the fame regular Superficies, but 
are placed in almoſt infinite, and thoſe different Planes: 
whence the Light falling on theſe various Planes, muſt Þ 
neceſſarily be reflected every way. Hence Ice, which 
when it is whole and ſmooth is almoſt of no colour, 
yet broken into pieces, and having rough and angu- 
lar Parts, it appears white, viz. when it reflects Light N 
copiouſly and on all ſides. The Reaſon is alſo the fame 
for Water's growing white, upon its being turned] 
into Froth. 

B UU ſuch is the Structure of moſt viſible Bodies, 
that their Surfaces ſuffocate part of the Rays that 
fall upon them, and remit part. If their Surfaces 
are ſo conſtituted, as to reflect or ſuffocate equally al 
ſorts of Rays, their Colour would be white or black, 
or browniſh, betwixt black and white; for the white 
Colour does no other ways differ from black, than 
as white Bodies reflect abundance of Rays of all 
ſorts, but the black only a few, This appears from 
the Shade of an opake Body, that whilſt the Sun 
ſhines, 1s caſt on a white Wall ; for that part of the 
Wall Where the Shadow is, as it receives much fewer 
Rays than the other Parts, it alſo reflects much fewer 
Rays, fo that in reſpect to the other Parts it appears 
black. But if thoſe other Parts of the Wall had 
not received more Rays than that Part where the 
Shadow fell, it would be all of the ſame Colour, viz, 
white, 

Ir the Texture of the Superficies is ſuch, that it 
reflects one ſort of Rays more plentifully, and all the 
reſt more ſparingly, the Colour of the Superficies 
will approach to that, which ariſes from the Rays 
that are reflected in greater number. This may be 

hence demonſtrated, that the Colour of the ſame 
Object 
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| rough, 


Object will be different, as it receives different ſorts of 
becauſe 


8 Rays, the reſt being intercepted; which was firſt diſ- 
e Light, Novered by the Great Sir Iſaac Newton. So if through 
dies, but In Glaſs Priſm red Rays (for ſo we call thoſe that pro- 
t Planes: Myucea red Colour) are caſt on a blue Object, che Ob- 


Des, muſt Sect will change 1 its blue Colour, and put on a red one ; 
e, which put if it receives only yellow Rays, then its Colour 
o colour, vill be changed into yellow: 1f the incident Rays are. 
nd angu- Blue, it will appear blue; and that Colour will be 


cts Light 


more vivid than all the other Colours, becauſe it re- 
the lame gects many more of theſe Rays, and ſuffocates fewer 
g turned pf them than of the reſt. 

FF IF the Superficies of a Body is cl ſmooth, 
Bodies, ö hat is, without any Roughneſs or Unevenneſs; and 


ays that it reflects from it Rays in great plenty, it will reflect 
Surface the Rays that proceed from any Object in ſuch a 
cares lauer as to afford a viſible Image of that Object, 

or black, 


And for that reaſon, the Bodies having ſuch Sur- 


the white Faces are called SHeculums. If the Speculum is a 


ck, than Plane, the Image will be equal to the Object itſelf, 
s of all and irs place will be behind the Speculum at a Di- 
* no ſtance equal to that of the Object itſelf from the 
the Sun 


dpeculum 3 if the Speculum be a {pherical 3 
and the Radiant Object is farther diſtant from it than 
he fourth part of the Diameter of the Sphere, the 


art of the 
ach fewer 


uch fewer Image will appear hanging in the Air between the 
it appears 05005 and the Speculum, and will be leſs than the 
tn . Object; if the Object be placed in the Center, the 
where the 


mage will be allo there, and equal to it; if the 
Object proceeds beyond the Center towards the 


our, vis. 
Speculum, ſo that its Diſtance from it ſhall be a 


h, that It ſourth part of the Diameter of the Sp! here, the 
id all the Image trom the Speculum will paſs beyond the Cen- 
Superficis er, ind be greater than the Object; but when the 
the Rays YO; dect ſhall have arrived at the Diſtance of one 
7 ey fourth of the Diameter of the» Sphere, then the Di- 


Nance of the Image wil! become infinite : but if it 


Object H= approaches 
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approaches but a very little nearer to the Speculum, 


the Image will be behind the Speculum, and greater} gre 
than the Object itſelf. All theſe Phenomena that ar Le 
ſo very different, proceed only from the Alteration off Ap! 
Diſtances, every thing beſides remaining the ſame. dne 
LE T us now conſider thoſe various and altogethef lab 
contrary Effects, which ariſe from an Alteration onh W. 
in Situation and Poſition, every thing elſe being n bef 
the ſame State, except ſuch things as depend on th anc 
Muration of the Situation. I 
A Philoſophers now acknowledge the Sun tf ea 
be at reſt in the Center of his Syſtem, but the Earth the 
like the other Planets, to be carried about him in thy 2O\ 
fpace ofa Year; yet the Earth moves about the S Sn 
in ſuch a manner, that its Axis remains always pi and 
rallel to itſelf, not indeed perpendicular to the Pla 2® 
of the Earth's Orbit, but inclined to it in an Ang: the 
of 66. 30“. And by reaſon of this Paralleliſm a *PE 
Inclination, it follows that the Earth muſt ſometimW tO 
turn one of his Poles towards the Sun, ſometimes t [ 
other; and therefore all the Parts of the Earth wi Eff 
have different Situations, in reſpect of the Sun. Fro dior 
this Change in its Situation, ariſe all thoſe Viciſſituq; the 
of Seaſon that yearly happen, viz. Summer, Want the 
Spring, and Autumn: for if the Axis of the Ear ture 
were perpendicular to the Plane of its Orbit, ther and 
would be no Alterations of Seaſons, no Differences Boc 
the Days and Nights, but every Part of the Ear iror 
would always receive, after the ſame manner, ti: and 
equal Forces of the Sun's Rays. | Mo! 
Bur ſince every part of the Earth changes i att 
Situation in reſpect of the Sun, and receives its Ri thin 
now more, at another time leſs oblique, now for ©? 
ſhorter duration, then for a longer; there i © 
thence ariſe different and altogether contrary A} cha 
pearances, As in the Autumn the Corn becom "Ia 


ripe, and the Fruits mellow; yet the Fields by d N 
5 | ore bare 


Speculum, 
1d greater 
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grees loſe their green and pleaſant Colour, and the 
Leaves fall from the Trees. Afterwards the Winter 


approaching, all things become cold and horrid, the 
Snow covers the higheſt Mountains, and the Trees 


labour with its weight; and what is wonderful, the 


Waters of the Sea become ſtable and firm, and what 

before was only paſſable by Ships, now bears Tents 

and Armies. e 
Bu T the Earth continually revolving in its Orb, 


| each Part thereof changes its Situation in reſpect of 
the Sun, and what before was turned from, begins 
now to reſpect the Sun: and in the mean while the 
ut the du Snows diſappear, the Fields are clothed with Graſs, 
always p and the Trees adorned with Leaves, the Horſe now 
» the Plau ; ; 8 
n an Ang the Fire- ſide; but a new and joyful Face of Things 
lleliſm an 
ſometim 
netimes ti 


no longer abides in the Stable, nor the Plowman ar 


appears, and the Year returns through the Summer 


to the Autumn. 


N ow fince ſo many different, ſo many contrary 
Effects happen from the ſole Alteration of the Situa— 


tion, and ſo various Phenomena follow from it, all 
the other Cauſes remaining the ſame; certainly from 
the Poſition, Diſtance, Magnitude, Figure and Struc- 
ture of the Parts compoſing Bodies, from the Motion 


and Subtility of Effluvia, from the Congruity of 
Bodies, and their Reſpect to other Bodies; I ſay, 
from all theſe joined and combined together variouſly, 


and almoſt after infinite manners, may proceed al- 


| moſt infinite different Forms, Affections, and Ope- 


rations amongſt themſelves of Bodies, nor is any 


thing to be found in Nature, that does not depend 
on theſe. 


For if theſe are changed, the Forms, 
Qualitics, and Operations of Bodies will be alſo 
changed. For example, it is certain that the mag- 
neuck Attractions and Directions ariſe from the 
Structure of Parts; for if a Loadſtone be ſtruck 
hard enough, ſo that the Poſition of its internal 
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Parts be changed, the Pole of that Loadſtone will 


alſo be thereby changed. And if a Loadſtone be put 


into the Fire, inſomuch that the internal Structure of 
its Parts be changed or wholly deſtroyed, then it 


will loſe all its former Virtue, and will ſcarce differ 


from other Stones. 

Box although it is in the general ſhewn, that the 
magnetick Operations do in ſome ſort proceed from 
the internal Conſtitution of Parts, yet the Modus of 
Operation, deduced from mechanical Principles, and 


ſuch as are eaſy to be underſtood, is not yet diſco- 


vered. And what ſome generally boaſt of, concern- 
ing Effluvia, a ſubtile Matter, Particles adapted to 
the Pores of the Loadſtone, Sc. does not in the leaſt 
lead us to a clear and diſtinct Explication of theſe 
Operations: but notwithſtanding all theſe things, 
the magnetick Virtues muſt be ſtill reckoned amongſt 
the occult Qualities, 

FROM what has been ſaid, it follows, that the 
Qualities of Bodies which do not depend on their 
Forms, and which, the Quantity of Matter re- 
maining the ſame, are not increaſed or remitted, but 
are in all ſorts of Bodies upon which we can make 
any Experiments; are the univerſal Qualities of al 
Bodies. For ſince they do not proceed from the 
Form or Modifications of Bodies, they muſt depend 
on the Matter itſelf ; but ſince the Nature of all 
Matter is the ſame, and any part of it differs from 
another only by ſome Modes, the Qualities not pro- 
duced by theſe Modes will be the ſame in all Matter. 


: P. C- 


Le 


Sa 


7 


ne will 

2 be put 

cure of LECTURE IX 

then it 

e differ ¶ Theorems of the Quantity of Motion, 
har the and of Spaces paſſed over by Bodies 

d from in Motion. 
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concern. ; N comparing the Motions of Bodies, if the 

wpted to WW] | Duaniities of Matter of Bodies in motion are 

the leaſt Þ WI kay cu, the Momenta or Quantities of Motion 

of theſe I "we will be as the Velocities. | 
things, 5 

amongſt LEITf A and B be two Bodies in motion, having 
| equal Quantities of Matter, and let A be moved 

that the! with the Celerity C, but B with the Celerity c 3 1 

on their ſay, the Momentum or Quan- 

iter re- tity of Motion in the moveable 

ted, but Body A, is to the Momentum - ol 

an make or Quantity of Motion in the 

es of all moveable Body B, as the Ce- 8 8 

rom the lerity C to the Celerity c: for 

t depend if any Force is impreſſed on C C 

re of all the Body A, to move it with 

ers from a given Velocity C, there is required a double Force 

not pro- to move the Body B with a double Velocity, and a 

Matter. triple Force muſt be uſed to move it with a triple 
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Velocity, and only half that Force is neceſſary to 


move B with half the Velocity, and ſo of other 
| Multiples and Submultiples. That is, ſince {by the 
fourth Axiom] Effects are proportionable to their 
adequate Cauſes, if the Force that is uſed to move 


H 3 the 
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the Body B, is double that which is applied to move 
A, the Momentum of that will be alſo double of 
the Momentum of this ; if the Force is triple, the 
Motion of the Body B will be likewiſe triple the 
Motion of the Body A; if but half the Force is 
impreſſed on the Body B, its Momentum will be half 
the Momentum of A: that i is, ſince the Velocity of 
the Body A is univerſally to the Velocity of B, as 
the Force impreſſed on the Body A to the Force im- 
preſſed on B; and as the Force impreſſed on the 
moveable Body A to the Force impreſſed on the Body 
B, ſo is the Momentum or Quantity of Motion in A, 
to the Momentum or Quantity of Motion in B, 
the Velocity of the Body in motion A will be to the 


Velocity of the Body in motion B, as the Motion of 
A to the Motion of the moveable Body B. Q, E. D. 


Cor. Ir the Momenta are as the Velocities, the 


Quantities of Matter 1 in the moveable Bodies will be 


equal. 


THE OR. [I. 


In comparing Motions, if the Celerities are equal, the 
Momenta or Quanlities of Motion of Bodies will be as 
the Quantities of Matter in thoſe Bodies; or if the 
moveable Bodies are bomogeneal, as their Magnitudes. 


LET A and B be two Bodies in motion, and each 
of them carried with the ſame Celerity C; I ſay the 
Momentum of the Body A, 

is to the Momentum of the 
Body B, as the Quantity of 
Matter in A to the Quantity 
of Matter in B. For if the 
uantity of Matter in A is 
double that in B, A may be 
divided into two parts, each 
whereof, will 3 as much Matter, and conſe- 


quently [by Axiom * as much Motion as B has: 
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viz. ſince each Body is moved with the ſame Velocity, 
ſo that the Momentum of the Body A will be double 
the Momentum of the Body B. If the Quantity of 
Matter in A is triple of that in B, A may be divided 
into three parts, each whereof will have a Quantity of 
Motion equal to that which is in B; and univerſally 
whatever proportion the Matter in A has to the Mat- 
ter in B, the ſame proportion will have the Momen- 
tum of A to the Momentum of B, if each Body is 
carried along with the fame Velocity. 

Ir the Bodies are homogeneal, their Quantities of 
Matter will be as their Magnitudes or Bulks; and 
conſequently their Motion will be allo in the ſame 
Ratio of their Magnitudes. 

Cor. Ir the Momenta are as the Quantities of Mat- 
ter, the Celerities of the Bodies will be equal. 


T- HE OR: II. 


I'N comparing the Motions of any bodies, the Ratio of 
the Momenta is compoſed of the Ratios of the Quanti- 
ties of Matter, and of the Celerites. 


LET A and B be any two moveable Bodies, and 
let A be moved with the Celerity C, but B with the 


Celerity c; I fay, the Momentum of A is to the 
Momentum of B, in a 


Ratio compounded of the 
Ratio of the Quantity of (a) 
Matter in A, to the 7 . 


Quantity of Matter in 
B, and of the Ratio of the . 
Celerity of the Body A, to the Cclerity of the 
Body B. Let there be a third Body G, whoſe Mat- 
ter 1s equal to that which is in A, but let it be moved 
with the Celerity of the Body B. From the Elements 
the Ratio of the eee of the Body A, to the 


Momentum of the Body B, is compounded of the 


Ratio of the Momentum of the Body A to the 
H 4. Mo- 
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Momentum of the Body G, and of the Ratio of the 
Momentum of the Body G to the Momentum of the 
Body B: but [by Theor. 1.] the Momentum of the 
Body A is to the Momentum of the Body G, as the 
Celerity C is to the Celerity c; and ſince G and B 
are moved with the ſame Celerity, the Momentum 

of the Body G will be to the Momentum of the Body 
B, as the Quantity of Matter in G or A to the Quan- 

tity of Matter in B. And therefore the Momentum 
of the Body A will be to the Momentum of the Body 
B, in a Ratio compounded of the Celerity C to the 
Celerity c, and of the Quantity of Matter in A or G, 
to the Quantity of Matter in B. Q, E. D. 
Cor. 1. Ir the Bodies are homogeneal, the Ratio 
of the Momenta will be compounded of the Ratio of 
the Magnitudes and of the Celerities. ot 

Cor. 2. Ir it be made as A to B, that is, as the 
Quantity of Matter in A to the Quantity of Matter 
in B, ſo is the right Line D to the right Line E; 
and let be compleated the Rectangles under Dand C, 

and under E and c, the Momen- 


* — tum of the moveable Body A 
. will be to the Momentum of the 
5 moveable Body B, as the Rectan- 


A” gle DC to the Rectangle Ec. 
| 85 Fo R becauſe it is as A to B, 

e ſo D to E, the Ratio compounded 
of the Ratios of A to B and of C to c, will be equal to 


the Ratio compounded of the Ratios D to E and of C 


to c; but [by 23 El. 6. ] the Ratio compounded of the 
Ratios of D to E and of C to c, is equal to the Ratio of 
the Rectangle D C to the Rectangle Ec, and [by this 
third Theor.] the Ratio of the Momentum of the 
moveable Body A to the Momentum of the moveable 
Body B, is equal to the Ratio compounded of the 
Ratlos of A to B, or of D to E, and of C toc; 


wherefore it will be as the Rectangle DC to the 
| 0 Rectan- 
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Rectangle Ec, ſo is the Momentum of the moveable 
Body A to the Momentum of the moveable Body B. 
The Momentum therefore of any Body may be con- 
fidered as a Rectangle produced from the Multiplica- 
tion of the Bulk or Quantity of Matter contained in 
that Body into its Celerity. 

Cor. 3. WHEREFORE whatever is demonſtrated 
concerning the Proportion of thefe Rectangles, the 
ſame will be alſo true concerning the Momenta of 
Bodies, their Momenta being proportionable to theſe 
Rectangles. For example, if it be as D to E, or as 
A to B, ſo is c to C, in this caſe the Momenta of the 
moveable Bodies will be equal: for rectangular Paral- 
lelograms having their Sides reciprocally propor- 
tionable, are [by 14 El. 6. ] equal; and on the con- 
trary, if the Rectangles are equal, their Sides will 
be reciprocally proportionable : that is, if the Quan- 
tities of Matter, or in Bodies of the fame kind, their 
Magnitudes are reciprocally proportionable to their 
Celerities, their Momenta will be equal; and con- 
verſly, if the Momenta are equal, it will be as the 
| uantity of Matter 
in the other, ſo reciprocally the Celcrity of this to the 


| Celerity of that: hence alſo may be demonſtrated the 


tollowing, 
THEOR. IV. 
In compared Motions, the Ratio of the Celerities is com- 


pounded of the direct Ratio of the Moment, and of the 
reciprocal Ratio of the Quantities of Matter. | 


LE IT A and B be two move- 
able Bodies, and let A be car- 
ried along with the Celerity 
C, but B with the Celerity c: 
I ſay, C is to c, that is, the 
Celerity of one of the Bodies 


— 
A to the Celerity of the other B, is in a direct Waun 
N ; O . 
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of the Momentum of the Body A to the Momentum 
of the Body B, and a reciprocal Ratio of the Mat- 
ter in A to the Matter in B, that is, directly as the 
Matter in B to the Matter in A. Let it be as A to 


MES 


1 G 3 
5 ORE eee 
CC 


1 


B, fo the right Line EI to the right Line K G; and 
let I L be equal to C, but GH equal to c; and let 
be compleated the Rectangles EL, K H. By what 
has been ſaid above, the Rectangles EL, K H, will 
repreſent the Momenta of the moving Bodies A and 
B reſpectively: to GH let be applied the Rectangle 
HN equal to the Rectangle E. L. Since therefore 
HN is equal to EL, it will be [by 16 El. 6.] as IL 
to G, fois GN to EI; but the Ratio of GN to 
EI is equal to the Ratio of GN to GK, and of 
GK to EI; that is, equal to the Ratios of the Rect- 
angle HN or EL to the Rectangle K H, and of 
GK to EI. Wherefore the Celerity C or I L wil 
be to the Celerity c or GH, in a Ratio compounded 
of the Ratio of the Momentum EL to the Momen: 
tum K H, and of the Matter G K to the Matter E]: 
that is, the Velocity of any Body is always as its Mo- 
mentum applied to its Matter. Q. E. D. 

AN p by the like manner of Reaſoning it is found, 
that the Matter of any Body is always as the Momen- 
tum applied to its Velocity. | 

Ap thus much concerning the Momenta of Bo- 

dies. The following Theorems concerning the Pro- 
portion of the Spaces paſſed over by Bodies in motion, 
are alſo commonly demonſtrated. 
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Is compared Motions, if the Celerittes of the moving Bodies 
are equal, the Spaces run over by them, will be directly 
as the Times wherein the Motions are performed. 
LET a Body in motion run the length AB, in the 
Time T, with an equable and uniform Motion ; alſo 


cc 
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1 — 


let the ſame or another Body in Motion, carried alon 

with the ſame Velocity, run the length CD, in the 
Time: I ſay, the Line AB is to the Line CD, as the 
Time T to the Time 7. For if the Time T is double 


that of /, it may be divided into two Parts, each whereof 
will be equal to:; ſo that each Space run over with the 


ſame Velocity in theſe equal Parts of Time, will be 
equal to the Space run over in the Time 7, and the 
two Spaces taken together will be double the Space run 
over in the Time f. In the ſame manner, if T is 
triple of 1, T may be divided into three equal Parts, 
and the Spaces run over in each of theſe Times, will 


be equal to the Space run over in the Time ?; and 


therefore the three Spaces taken together, will be 
triple the Space run over in the Time 7. The ſame 
may be ſhewn of other Multiples and Submultiples: 
wherefore univerſally, whatever proportion T has 
to t, the ſame will the Space run over AB have to 
the Space run over CD. 2, E. D. 

Cor. IF the Times are as the Spaces run over, the 
Celerities will be equal. | 
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I'n. compared Motions, if the Times of the Motions are 
equal, the Spaces run over will be as the Celerities. 
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L x T any moving Body run in a given Time the 
length AB, with the Celerity C; and in the ſame, or 
an cqua] Time let the ſame or another moving Body 


4% ͤͤ 
2 5 
—E 


Dai 


— 


\ 


run the length DE, with the Celerity c; I ſay the 
Line AB is to the Line DE, as the Celerity C to 
the Celerity c. For if the Celerity C is double of 
e, the Space A B run over with the Celerity C, will 
be double the Space DE run over with the Celerity 
c; if the Celerity C is triple of c, the Length AB 
will be alſo triple the Length DE; if C is the half 
of c, A B will be the half of DE : and univerſally, 
fince equal Times are ſpent in running over the 
Lines, whatever proportion the Celerity C has to the 


Celerity c, the ſame will the Length run over AB 


have to the Length run over DE. Q, E. D. 

Cor. Iy the Celerities are as the Spaces run over, 
the Times will be equal. „ 

TEE two firſt Theorems, as alſo the fifth and this 
ſixth, might be demonſtrated univerſally by Equi- 
multiples, after the manner of Euclid; but ſince they 
are ſo evident, that they may be looked upon as 
Axioms, they ſcarce need ſo great an Apparatus of 
Demonſtration. 


THEOR. VII. 


Tur Lengths run over are in a Ratio compounded of tht 
Ratios of the Times and of the Celeriltes. 


1. ½ T the Line A B be run over with the Celerity 
C, in the Time T; and the Line DE with the Ce- 
lerity c, in the Time 7: I fay, the Ratio of AB 0 
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DE is compounded of the Ratio of the Celerity C 


09 


to the Celerity 
the Time . 


c, and the Ratio of the Time T to 
Let the Line F G be run over in the 
Cl 


6 
F . G 


ca 


D———— 


C 


4 — 


Time T, with the Celerity c; it is manifeſt, that 
AB is to DE in a Ratio compounded of the Ratios 
of AB to FG and of FG to DE. But becauſe 
AB and FG are run over in the ſame time, it will 
be as AB to FG, © the Celerity C to the Celerity c 
but ſince the moving Bodies deſcribe the Lines F G 
and DF, with the ſame Celerity, it will be [by 
Theor, 6.] F G to DE as the Time T to the Time:. 
Wherefore ſince the Ratio of AB to DE 1s com- 
pounded of the Ratios of AB to F G, and of FG 
toDE, it will likewiſe be compounded of the Ratios 


that are equal to theſe Ratios, viz. of the Ratio of 


the Celerity C to the Celerity tc and of the Time T 
to the Time 7. 

Cer. 1. Ir HK be made ea to C, HIequalto 
T, alſo MN equal to c, and MO equal to 7, ang 
ſer be compleated the 
rectangular Parallelograms Ar 


HL, MP; it will be AB F KM: — 
* 


Rectangle HL is to the 1 
Rectangle MP, in a Ra- 0 P 
tio compounded of the 

Ratios of 'H K to MN, and of HI to MO; MY. 
{by the preceding Theorem] the Space run over AB 


15 


to DE, as the Rectangle 
HL to the Rectangle MP: 
for [by 23 El. 6.] the 
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is to the Space run over DE, in a Ratio compound- 
ed of theſe Ratios : whence theſe Spaces run over 
may be conlidered as Rectangles produced from the 
Times multiplied into the Celerities. 

Cor. 2. Ir therefore the Spaces run over are equal, 
the Rectangle under the Celerity and Time, wherein 
one Space is paſſed over, will be alſo equal to the 
Rectangle under the Celerity and Time, wherein the 
other Space is paſſed over; and conſequently it will 
be as the Celerity to the Celerity, ſo reciprocally is 
the Time to the Time, [by 14 El. 6.] that is, if the 
Spaces run over are equal, the Times will be reci- 
procally as the Celerities. FS, 


THE OR. VII. | 
In compared Motions, the Ratio of the Times is com- 


pounded of the direft Ratio of the Length, and of the 
reiprocal one of the Celerities. N | 


T H 1s Theorem may be demonſtrated from the 
former, after the ſame manner as the fourth follows 
the third : but for the ſake of Perſpicuity, we ſhall 

| thus briefly evince it. 
A—————— Let the Length AB be 
K——T——C— run over in the Time 
— — T, with the Celerity C; 
2—0— alſo let the Length DE 

be run over in the Time 

t, with the Celerity c; I fay, the Time T is to the 
Time 7 in a Ratio compounded of the direct Ratio 
of the Length AB to the Length D E, and of the re- 
ciprocal Ratio of the Celerity C to the Celerity c. 
Let K be the Time wherein the Length A B may be 
run over with the Celerity c, the Ratio of the Time T 
to the Time 2, will be compounded of the Ratio of 
T to K, and of K to 7; but [by the Corol. of the 


preceding Prop.] it is as T to K, ſoc to C (og 
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the ſame Space is run over in each of the Times) and 
as K to,, ſo is (by the Cor. of Theor. 5.) the Length 
AB to the 1 DE. Wherefore T will be to t in 

Ratio compounded of the Celerity c, to the Celerity 


C, and of the Length AB to the Length DE; that 


is, the Times are in a Ratio compounded of the reci- 
procal Ratio of the Celerities, and the direct one of 
the Lengths. 9. E. D. 


Ar r E R the ſame manner may be ſhewn, that the 


Celerities are 1n a direct Ratio of the Lengths, and a 


reciprocal one of the Times. 


Cor. 1. AND hence it follows, that the Time is as 


the Space run over applied to the Celerity. 

Cor. 2. The Celerity likewiſe is as the Space run 
over applied to the Time. | 

Tur third and ſeventh Theorem may be demon- 
ſtrated from this univerſal Theorem, viz, 

IF any Effects depend at the ſame time on ſeveral 


Cauſes, in ſuch a manner, that as they are augmented 


or diminiſhed in the ſame Ratio wherein any of the 


Cauſes are augmented or diminiſhed, thoſe Effects will 


be in a Ratio compounded of all the Cauſes: that is, 


if the Cauſes A, B, C, acting together do produce 
the Effect E, which, all the reſt remaining the fame, 


is as ſome of the Cauſes; and if other Cauſes a, b, c, 
reſpectively like the former, and acting after the ſame 
manner, do produce the Effect e; it will be as Eto e, 
ſoAxBxCtoaxb x c. Which may be eaſily ſhewn, 


by almoſt the ſame Method that we uſed in the pre- 
ceding Demonſtrations. 


AFTER the like manner, if the fm Effect de- 
pends on ſeveral things at once, whereof ſome aſlſiſt 


or augment the ſame, in that Ratio whereby they are 
augmented ; but others impede or diminiſh it, in the 


fame Ratio whereby they are augmented : the Effect 
will always be directly as the aſſiſting Cauſes, and re- 
cprocally as the impeding or diminiſhing Agents. 
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„ An Introduction to 
Tu x ſeventh Theorem is thus demonſtrated in the 
Style of Sir Iſaac Newton : 


Tux Celerity being given, the Space run over is as the 
Time; and the Time being given, the Space run over 
is as the Celerity :wherefore neither of them being given, 
it is as the Celerity and Time conjointly. 

So likewiſe may the eighth Theorem be ſhewn. 

Tux Celerity being given, the Time is directly as the 
Space run over; and the Space being given, the Time 
is reciprocally as the Celerity : wherefore neither of them 

being given, the Time will be directly as the Space and 
reciprocally as the Celerity. 


Ix like manner may the third and fourth Theo- 
rem be explained, and we ſhall ſometimes make uſe 
of this Method for the ſake of Brevity. 5 


S. k. . f. &. .f. &. &. C. 8c ct 8 cr &. 
LECTURE XL: 


N the Demonſtrations of the preceding 
Lecture we have ſhewn a Method, whereby 
Ay Phyſical Matters may be firſt reduced to 
r Geometry, and atterwards to Arithmetick: 
for ſince it 1s there demonſtrated, that the Motions 
of Bodies are as Rectangles under their Celerity and 
Quantity of Matter ; from the Celerity and Quantity 
of Matter of any Body being given, there will be 
given its Momentum, viz. equal to a Factum or Pro- 
duct made of the Celerity of the Body into its 
Quantity of Matter. As, for example, let the Body 
A be 8 parts, but B be 6 parts, the Celerity of A as 


5, and the Celerity of the Body B as 3 ; the Motion, 
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of the Body A will be 40, and the Motion of the 
Body B but 18 Parts. | 

So from the given Momentum and Quantity of 
Matter of any Body, may be known its Celerity 
viz, if its Momentum be divided by its Quantity of 
Matter, the Quotient will give its Velocity. For 
let the Motion in the Body A be 4o parts, and its 
Quantity of Matter 8 parts; let alſo che Motion in 
Quantity of Matter 
6 parts: divide 40 by 8, the Quotient will give 5, 
viz. the Velocity of the moving Body A; and by 
dividing 18 by 6, the Quotient will give 3, the Ve- 
locity of the moving Body B. OG 


 $S1nce by Examples things become more plain, 


and Numbers are to be made uſe of in Practice, that 


the young Beginners may accuſtom themſelves the 


better to theſe, let us illuſtrate the Science of Mo- 
tion by Numbers, and make uſe of both ſpecious and 
numerical Arithmetick; for from ſpecious Arithme- 
tick are diſcovered general Canons, which afterwards 


| may be applied to particular Numbers. 


SO let A denote the Quantity of Matter in any 
given Body A, but C ſtand for its Celerity, and let its 
Momentum be called M; or rather let theſe Letters 
be put for the Numbers that are proportionable to 
thoſe Quantities : then it will be Cy A= M and 

M M 


N and A= =. 


Ix like manner ſince, the Space run over is always 
proportionable to the Rectangle under the Celerity 
and the Time; if the Space be called S, the Time 
T. and Celerity C, it will be S=CxT; and 

S | 8 
= and T=! 


= 3 and therefore ſince it is 
AxS 
M=A xC, it will alſo be M T or if T is given, 


1 1c 


Body. | | 
He Nc E alſo may be gathered, that by how much 


are many more Pores in one than in the other; which, 
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it will be M= AxS; that is, the Momentum of 
any Body is as its Matter drawn into the Space run 
over by it in a given Time. Many other Conclu- 
ſions likewiſe, which ſome deliver as the Laws of 
Motion, may be deduced from what has hitherto 
been demonſtrated ; but ſince any Tyro may eafily 
of himſelf diſcover them all, it is not worth while to 
produce them here. 

FROM what has been demonſtrated, it is mani. 


feſt, that the Momentum of any Body ariſes from 


the Motion of all its Parts: for in each Particle of 
the Body there is an Impetus or Force of moving, 
and from the Sum of theſe Forces is compounded 
the Impetus or Quantity of Motion of the whol: 


the greater is the Quantity of Matter in Bodies, by 
ſo much the greater ought the Force to be, in order 
to move thoſe Bodies with a given Velocity, and 
therefore their Momenta will be greater in the fame 
Ratio. If therefore there are two Bodies carried 
along with the ſame Velocity, the Quantities of 


Matter in them will be always as their Momenta; 


fo that if Bodies which are equal in Bulk, and moved 
with the ſame Velocity, have unequal Momenta, it 
is neceſſary that the Quantities of Matter in them 
are unequal: and that which has the leſs Momen: 
tum, will have more Pores or Spaces either altoge- 
ther empty, or replete with ſome Matter which doe: 
not partake of the Motion of the whole Body, whok 


Pores it is ſuppoſed to fill. So, for example, if there 


are two Globes, one of Cork, the other of Lead, 
both of the fame Magnitude, and moved with the 
ſame Velocity, ſince it is known by Experience, 
that the Momentum of one is much greater than the 
Momentum of the other, it muſt follow that there 
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it muſt be allowed, are either altogether empty, or 
replete with ſome moſt ſubtile Matter, which may ſo 
freely paſs through its Pores, as not to partake of the 
Motion of the Body whoſe Pores it poſſeſſes. 

Br that this Matter may pervade the Pores of 
other Bodies, without partaking of their Motion, it 
is neceſſary that all Bodies ſhould have all their Pores 
extended in right Lines parallel to the Direction of 
Motion; viz, that there may be no Reflections of 
the ſubtile Matter againſt the Sides of the Pores; 
otherwiſe the Matter, although ever ſo ſubtile, will 
be moved together with the Body, whoſe Pores it is 


| ſuppoſed to fill. The ſubtile Matter therefore can- 
not but partake of the Motion of the Body, unleſs 


the Body moved be ſo diſpoſed, that it has its Pores 
parallel to the Direction oſ Motion; but ſince its 


Situation may be varied infinite other ways, that is, 


the Lengths of the Pores may be inclined to the 


Line of Direction in infinite Angles; and therefore 
all theſe things being ſuppoſed, whilſt the Body is 


moving, the ſubtile Matter placed in its Pores will be 
moved along with it: therefore a ſubtile Matter can- 
not ſo freely pervade the Pores of Bodies, but it muſt 
partake of their Motion; conſequently the Body 
being moved, the Matter alſo contained in it will be 
moved, however ſubtile it be. If therefore a Body 
of Cork is moved, it carries along with it the Matter 
contained in its Pores; ſo that fince it has a leſs 
Momentum than a Globe of Lead of the ſame Mag- 
nitude, and moved with the ſame Velocity, the 


uantity of Matter in the Body of Cork will be 


leſs, and conſequently there will be more Pores or 
Spaces abſolutely empty. 2% 
From what has been demonſtrated, may be de- 


duced the following Theorem. 


I 2 THEOR. 
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THE OR. IX. 5 
THE Weights of all ſenſible Bodies near the Super ficies 
of the Earth, are proportionable to the Quantities of 
Matter contained in them. N 8 


Fo R, as is manifeſt from many Experiments of 
Pendulums, all Bodies falling perpendicularly by the 
Force of Gravity (abſtracting the Reſiſtance of the 
Air) deſcribe equal Spaces in the ſame Time. For is 
vacuo, or a Medium that has no Refiſtance, the ſmal- 
leſt Feather takes up no more time in falling than a 
heavy Piece of Lead; ſo that the Velocities of all 
Bodies falling in a given Time, are equal ; their 
Momenta therefore will be proportionable to the 
Quantities of Matter contained in them : bur the 
Forces generating Motion are always proportionable 
to the Motions or Momenta generated, and therefore 
In this caſe they will be as the Quantities of Matter 
in the Bodies moved ; but the Forces that generate 
theſe Motions, are the Gravitations of Bodies, that 
is, their Weights. Therefore the Weights of all 
Bodies are proportionable to the Quantities of Mat. 
ter contained in thoſe Bodies. Q, E. D. 
Cor. 1, THE Weight therefore of any Body, wil 
be augmented or diminiſhed, from the Quantity of 
its Matter being only augmented or diminiſhed. 

Cor. 2. WHEREFORE the Quantity of Matter 
continuing the ſame in any given Body, its Weight 
will alſo continue the ſame; and however its Figure, 
or the Texture of the Particles compoſing that Body 
be varied, yet its Weight will not be changed : fo 
that the Weight of no Body depends on its Form ot 

Texture, . 
SINCE [by Axiom 14.] the Nature of all Matte! 
is the ſame, neither does one Body differ from ano- 
ther, but in its Modes, 'as by the Figure . its 
arts, 
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Parts, Situation, and the like Forms; the Affections 
of Bodies, which do not depend on their Forms, will 
be the ſame in all Bodies: ſo that ſince (as has been 
ſaid) the Weights of Bodies do not ariſe from their 
Forms, but depend on their Quantity of Matter; in 
equal Quantities of Matter, at the ſame diſtance from 
the Earth, the Gravitations towards the Earth will be 
equal/ bur if the Weights of two Bodies are unequal, 
the Quantities of Matter contained in them will be al- 
ſo unequal. | 

LE r us ſuppoſe now two Globes of equal Mag- 
nitudes, the one of Lead, the other of Cork; if the 
Quantity of Matter in both was the ſame, (by what 
has been ſhewn) both Bodies would equally ponde- 
rate: for the ſubtileſt Matter occupying the Pores of 
the Cork, would ponderate equally with the Matter 
of Lead that is equal to it. Bur ſince there is a great 
difference in the Weights of theſe two Bodies, there 


will be alſo a great difference in the Quantity of their 


Matter; and if Lead is thrice heavier than Cork, the 
Matter contained in the Lead will be triple of that in 
the Cork: ſo that there will be more Pores or Spaces 
abſolutely empty in the Cork, than in the Lead. A 
Vacuum therefore is not only poſſible, but actually gi- 
ven; which was to be proved. And hence it follows, 
chat the Quantity of Matter in any Body may be 
properly eſtimated by its Gravity. N 
SINCE the Momentum may be augmented, as 
well by increaſing the Quantity of Matter, the Ve- 
lacity remaining the ſame, as by increaſing the Velo- 
city, the Quantity of Matter remaining the ſame ; the 
Antients (who were ignorant of the Force of Gunpow- 
der to give a ſwift Motion to Bodies) to beat down 
their Enemies Walls, made uſe of Machines fo framed, 
that a huge Maſs of Matter might batter the Walls, 
though not with a great Velocity, yet with a violent 
Impetus: but now-a-days ſmall Bullets are hurled 
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out of Cannon with a great Velocity, by the Explo- 
ſion of Gunpowder, But although the warlike En- 
gines. of the Antients were much inferiour to ours, yet 
their Force to overturn Walls was almoft incredible: 
for their Battering-Rams were compoſed of vaſt Beams 


joined together, whoſe Weight may be gathered from 
hence, that ſome of them required ſix thouſand Men 


(viz, that ſome might ſucceed others) to direct them, 
and to give them their Motion. That part, whereby 


the Wall was battered, was made of ſolid Iron, and 


they were ſo ſlung by Ropes, (I mean the compounded 
Rams) that their Lengths were parallel to the Hori. 
zon; whence being drawn back wards by a great num- 
ber of Men, and immediately driven for wards by their 


Weight, and the Forces of the Men acting together, 


they ſtruck the Walls with their Iron End: and, ac. 
cording to the Teſtimony of Fo/zphn;, there were no 
Towers ſo ſtrong, or Walls ſo thick, as to ſuſtain 


their conſtant Shocks. 


I's Machines that raiſe Weights by the Circumgy- 
rations of Wheels, ſoinetimes the Wheels are rendered 
heavier by the addition of Lead, viz. that the greater 


Quantity of Matter may receive the greater Impetus 


or Quantity of Motion ; whereby it may the better 
oppole the Reſiſtance, ariſing as well from the Air as 
from the Friction of the Matter, and the longer pre- 
ſerve their Motion; which therefore once begun, will 


be eaſily continued. 


FROM the ſame Principle alſo it is, that Spinners 
hy putting on heavy Wharls on their Spindles, their 
Gyrar1ons are continued longer: ſince the Part of the 
Motion loſt by the Reſiſtance of the Air, bears a lets 
proportion to the Motion increaſed by the addition of 
Matter, than that which it had to the Motion not thus 
increaſed. 5 

FR OM what has been ſaid may be ſolved the fol- 
lowing Problem. 
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PROBL. I. 


To find the Velocity, wherewith a given Body muſt be 
moved, ſo that it may have a Momentum equal to any 
given Momentum. 


Leer the given Body be A, whoſe Momentum 
ought to be equal to the Momentum of the Body B, 
moved with the Celerity c 3 let it be as A to B, ſo 
the Celerity c to another Quan- 
this will be the Ve- 
locity ſought, wherewith if | (B 
the Body A 1s moved, its Mo- 8 


mentum will be equal to the 


Momentum of the Body B, as 
is manifeſt from the third Co- 5 Mp 


rollary of the third Theorem, 


For the Momenta of Bodies are equal, if their Ce- 
lerities are reciprocally proportionable to thoſe Bo- 
dies; but, by Hypotheſis, the Celerity of the a 
B is to the Celerity of the Body A, as the Body A 


to the Body B: whence the Momentum of the Body 


A will be equal to the Momentum of the Body B. 
. 

AN p hence it follows, that a Body, tho? ever ſo 
ſmall, may have a Momentum equal to the Momen- 


tum of a Body, tho? ever ſo great, that is moved with 


agiven Velocity. On this Principle depend all the 
Engines which are contrived to draw or raiſe Bodies : 
for Tf the Engines are fo diſpoſed, that the Velocity 
of the Power ſhall be to the Velocity of the Weight, 
as that Weight is to the Power ; I fay, in that cate 
the Power will ſuſtain the Weight. 


And firſt of all in the Lever, which we ſhall here 
conſider as an inflexible Line, whether a right one or 
4 curve, or compoſed of many right Lines, that is 

4 move- 
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We will illu- 
ſtrate this in the five ſimple mechanick Machines. 
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moveable about a fixed Point, of no Gravity indeed 
of itſelf, yet accommodated to ſuſtain and raiſe 
Weights. 

THE fixed Point by which the Lever is ſuſtained, 
and on which it moves round, is called its Fulcrum or 


Prop. 


120 


T HE OR. X. 


LI A B be a Lever only moveable round the Fulcrum 
C, the Space deſcribed by each of its Points, will be as 
its Diſtance from the Fulcrum. 


Fo x let the Lever be moved out of the Situation 
ACB into the Situation « CE, the Point. A will de- 
ſcribe the Periphery A, but B will paſs over the 
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Periphery B3. Now by reaſon of the ſimilar Sectors 
AC. BC, A «ts to Bs; as A to BC ; that is, 
the Spaces deſcribed by the Points A and B, are as 
their Diſtances from the Fulcrum. If to the Points 


be d 
{crib 
will | 
mart 


A and B be applied Powers drawing the Brachia of 
the Lever perpendicularly ; the Spaces that are de- 
ſcribed by them according or contrary to their Pro- 
penſions, are not the Per ipheries Aa, B3, but the 
Perpendiculars a F, BE, let fall on the Brachia of 
the Lever. For the Power in A is moved, according, 
to its proper Direction or Propenſion, through the 
Space F only, and no farther: as, for the ſame 
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| cauſe, the way paſſed through by the Power B, ac- 


cording to its proper Direction, is to be eſtimated by 
3E. But by reafon of the equi-angular Triangles 
aCF, BCE, aFisto g E as a C or AC tog Cor 
BC; that is, the Spaces run over by Powers accor- 
ding to their wig rt Directions, will be as their Di- 
ulcrum. | | 

Bu T if the Direction of the Power is not a right 
Line, perpendicular to the Brachium of the Lever 
AC, let from the Fulcrum to the Line of Direction 


| be drawn the Perpendicular CG, and the Space de- 


ſcribed by the Power according to its Propenſion, 


will be proportionable to that Perpendicular : for it 


matters not, whether the Thred FG A, by which 


the Power acts, is affixed to the Point G or A, or 
indeed to the Point D; for the Line of Direction 
remaining the ſame, its Force to move round the 


Plane AD CB will be the ſame, as if the Thred was 
fixed to the Point G, and the Way deſcribed by it 


In a given Time, according to its proper Direction, 


will be proportionable to the right Line CG. 
Wherefore it is manifeſt in every caſe, that the Way 
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deſcribed by any Force according to its proper Direc- 
tion, is proportionable to the Diſtance of the Line of 
Direction from the Fulcrum. 


T1 H;E QR;.-AlL, 

IN a Lever, the moving Force or Power that has to the 
Weight the ſame Ratio, which the Diſtance of the Line 
of Direction of the Weight from the Fulcrum, has 10 
the Diſtance of the Direclion of the Power from the 
Fulcrum, will ſuſtain the Weight; and therefore if it 
be ever ſo little increaſed, it will raiſe the Weight. 


Ir is manifeſt from the preceding Theorem, that 
the Spaces which are deſcribed by a Power and 
Weight according or contrary to their proper Pro- 
penſions, are proportionable to the Diſtances of the 
Line of Directions from the Fulcrum; but the Ve- 
locities are proportionable to theſe Spaces, and con- 
ſequently will be alſo proportionable to the Diſtan- 
ces. If therefore the Power P is to the Weight Q 


as COQ the Diſtance of the Direction of the Weight 
from the Fulcrum to CA, the Diſtance of the Di- 
rection of the Power from the Fulcrum, the Power 
will be to the Weight, as the Velocity of the Weight 
to the Velocity of the Power ; the Momentum there- 
fore of the Power [by Cor. 3. Theor. 3.) will be equal 
to the Momentum of the Weight : and conſequently, 
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the Power will be equivalent to the Weight ; which 
f it be ever ſo little increaſed, it will raiſe the Weight. 
9. E. D. 


HE Nc E appears the Reaſon, why by the Statera 


Romana or Steel-yard, as it is commonly called, the 
Weights of different Bodies are examined all by one 
and the ſame Weight only. For this Inſtrument is a 


Lever of unequal Brachia, one whereof, CA, is ex- 


tended in length, from the Axis of Motion C, (and 
which ought to be the Axis of Equilibrium) ſuppoſe 


one Inch, or leſs ; the other Brachium, CB, may be 
of any greater length, that is capable of being ex- 
actly divided into Parts, each equal to CA, and 


Q | 


numbered by the Figures 1, 2, 3, 4, 5, Sc. Let the 


Body whoſe Weight Q we want to diſcover, be hanged 
on at A; the given or known Weight P is moveable 
on the contrary Brachium, and by removing it from 
or bringing it nearer the Center C, is diſcovered the 
diſtance where is an exact Equilibrium: as, for exam- 
ple, if the Weight P at the Diſtance 8 equiponderates 
the Weight Qin A, it is thence concluded (by reaſon 
the Weights are reciprocally proportionable to their 
Diſtances) that the Weight Q is eight times the known 
Weight P.---- | 

Defin. THERE is a mechanical Inſtrument proper 
to raiſe Weights, called an Axis in Peritrochio. It is 
compoled 
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compoſed of a Cylinder, that is named the Axis, 
ſupported at each end by Fulcra. About this Cy- 


linder 1s fixed a Wheel, (which they call Peritrochium) 
and in its Circumference are faſtened ſeveral Han- 
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dles or Spokes, to which a Force being applied, turns 


about the Peritrochium together with the Axis; about 

which a Rope being wound, raiſes the Weight. 

„ e op ci 

In an Axis in Peritrochio (and in the like Inſtruments, 

whoſe Reaſon is the ſame) the moving Force, that tha; 
to the Weight to be ſuſtained the ſame Ratio, as the 
Circumference of the Axis to which that Weight 1s ap- 
plied, has to the Circumference of the outer Orb i 

_ which the Power is applied, will be equivalent to ihe 
Weight ; which therefore being ever ſo little increaſed, 
will raiſe the Weight. . . 


Ir is manifeſt from the Make of the Inſtrument, 


that in one Converſion the affixed Weight P will be 
raiſed toan height that is equal in length to as much 
of the drawing Rope, as will once encompaſs the 
Axis; which therefore is ſuppoſed to be equal to its 
Circumference: and in the mean while the Power 
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applied to the Extremity of one of the Spokes, will 

have proceeded through the Circumference of the 
outer Orb, deſcribed by the Power in the ſame Re- 
volution of the Inſtrument; (that is, the Space paſſed 
over by the Power in the ſame Time, will be equal to 


the Circumference of the outer Orb, ) ſo that the Ve- 


locities of the Power and of the Weight, which are 
as the Spaces paſſed over in the ſame Time, will be 
as the Circumference of the outer Orb, and the Cir- 
cumference of the Axis. Wherefore if the Weight is 
to the Power, as the Circumference of the outer Orb 
is to the Circumference of the Axis, the Velocity of 
the Power will be reciprocally to the Velocity of the 
Weight, as the Power to the Weight. Therefore 
[by Corol. 3. Theor. 3.] the Momentum of the Power 
will be equal to the Momentum of the Weight; and 
conſequently, the Power will be equivalent to the 
Weight, and that Weight will be ſuſtained by the 
Axis in Peritrochio: but if the Power be increaſed, or 
the Weight leſſened ever ſo little, the Power will 
raiſe the Weight, 2. E. DB. 

Cor, By how much the greater is the Compaſs of 


\the outer Orb, that 1s, by how much the longer the 


Handles or Spokes are, or by how much the leſs the 
Axis is, by ſo much the more powerful will be the 
Force to raiſe the Weight. 

Defin. A x Inſtrument compoſed of one or more 
Wheels aptly diſpoſed, moveable about their Axes, 
and about which Wheels a Rope being put, draws 
up the Weight, is called a Pulley. 

TIE OR AW. 

Is a moveable Pulley, from the Poſition of the Wheels may 
be computed what the Force ought to be, Which will be 
equivalent to an affixed Weight ; namely, that Force, 

_ which is to the Weight, as 1 tothe Number of Ropes, by 
which the Weight is ſuſpended, will be able to ſuſtain that 

Weight : which Force being therefore ever ſo little in- 

creaſed, will raiſe the ſame Weight. K 


1265 Mn Introduction 20 
Fig. 1. LE T one of the Ends of a Rope be faſtened 
to a Hook B, and in its Duplicature let be hung a 
moveable Pulley, to whoſe Block let be fixed the 
Weight Q it is manifeſt, that in order to raiſe the 
Fig. 1, Fig. 3. 
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Weight Qone Foot, each Rope ſuſtaining the Block 
together with the Weight, (reckoning downwards 
from the Hook) ought to be ſhorten'd alſo one Foot: 
that is, fo raiſe the Weight one Foot, the Power 
muſt move through two Feet; whence in this Inſtru- 
ment, the Way of the Power will be double that of 
the Weight ; and therefore the Celerity of the Power 
will be likewiſe double that of the Weight: fo that 
ifthe Power is to the Weight as 1 co 2, its Momentum 
will be equivalent to the Momentum of the Weight, 
and it will ſuſtain the Weight, 


Fig. 2. Ir the Wheels are ſo diſpoſed, that the 


Weight Q hangs from three Ropes ; and thar the 
Weight may aſcend one Foot, all the three Ropes 
(we call them three, tho* indeed they are but the 


| Continuation of one uninterrupted Rope) muſt be 


ſhortened one Foot each, which can be done no 
otherwiſe, than by the Power P being moved through 
the Space of three Feet. Whence ſince in this In- 
ſtrument the Way of the Power is triple that of the 
Weight, its Celerity will be triple the Celerity of 
the Weight; ſo that if the Power is to the Weight 
as I to 3, its Momentum will be equivalent to the 
Momentum of the Weight. 

Fig. 3. B y the fame way of reaſoning, from the 
third Figure it is manifeſt, the Power P, which is 
but the fourth of the Weight Q, will be equivalent 
to it. In all Caſes, the Power that is equivalent to 
the Weight, if it be ever ſo little increaſed, or the 
Weight diminiſhed, the Power will then raiſe the 
— , On | 

Defin. ARI H T Cylinder indented equally ina he- 
lical Form, is called a Skrew, whereof there are two 


forts, Male and Female. It is named a male Skrew, - 


when the convex Surface of the Cylinder is cut in; 
and a female Skrew, when the concave. The firſt 
iS alſo called the outſide Skrew, as the other is called 
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the inſide one. But the female Skrew ought to be 
ſo fitted to the male, that their Parts may anſwer to 
each other, (viz. that the Eminences of the one do 
agree with the Cavities of the other) whereby, if the 


female Skrew is fixed, the male may be moved quite 
through it; or if the male Skrew is fixed, the fem ale 
may be freely moved over it. Skrews are chiefly 
employed to remove Obſtacles, to break in pieces or 
to compreſs any thing, and to effect other Motions 
that are to be produced by Pulſion: the Power is 
applied to an Handle or Handſpike. 
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THEOR. XIV. 


I's the Skrew, if it be as the Compaſs, which the Force or 


Power applied, paſſes over in one Revolution of the 
Skrew, to the Diſtance between two helical Threds 725 


are contiguous, (reckoned according to the Length of the 
Skrew) ſo is the Weight or Reſiſtance to the Power ; 


then the Power will be equivalent to the Weight, and 


that Power ever ſo little increaſed, will move the Im- 


pediment, 


LET CA be a male Skrew, which being turned 


round by means of the Handle CB, may be paſſed 


through a female Skrew, and at the ſame time raiſe 


a Weight P. It is manifeſt by inſpecting the Inſtru- 


ment, that in one Revolution of the Skrew, the 
Weight will be raiſed as much, as is the Diſtance 
detween two contiguous Threds; and that the 
Power will paſs over a Space equal to the Compals it 


deſcribes in one Revolution: that is, the Way of the 


Weight will be to the Way of the Power gone 
through in the ſame time, as the Diſtance between 
two Threds to the Compaſs deſcribed by the Power 
in one Revolution, ſo that the Celerity of the Weight 
will be to the Celerity of the Power in the ſame Ra- 
tio: and therefore if it be, as the Power to the 
Weight, ſo the ſaid Diſtance between two near 
Threds to the Way deſcribed by the Power, then the 
Power will be equivalent to the Weight; which being 
* ſo little increaſed, it will overcome the Reſiſtance, 
Defin. A Wp ox made of Iron, or ſome hard 
Subſtance, is frequently in uſe. Trs form is that of 
a Priſm of a ſmall Height, whoſe oppoſite Baſes are 
lſoſceles Triangles 3 the Height of theſe Triangles is 
the Height of the Wedge, the Baſe of the Triangle 
8 alſo called the Thickneſs of the Wedge, and the 
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right Line which joins the Vertices of the Triangle, 
is the Edge of the Wedge; and the Parallelogram 
that joins the Baſes of the Triangles, 1s called the 
Back of the Wedge. | 

+ | THEOR:;: XV. 
A Pow R applied directly io the Back of a Weay, 
 zobich is to the Reſiſtance that is to be overcome by tha 

Wedge, as the Thickneſs of half the Wedge to its Height, 
will be equivalent to the Reſiſtance ; and therefore if i 
be increaſed, it will overcome that Reſiſtance. 

LE T the Reſiſtance to be overcome by a Wedg 
be, for example, the Tenacity or Toughnels « 
Wood, or any other Obſtacle that is to be cleave 
by a Wedge; it is manifeſt, that when the Wedge 
is driven in as far as it appears in the Figure, tit 


Way of the Power, or the Length run through ac 
- cording to its Propenſity is BA; for ſo far, and 50 
farther, is it gone. And after the ſame manner, tt 
Way of each Impediment is half CD, and when tht 
Wedge is drove through its whole Height, the Ob. 
ſtacle is divided by the whole Breadth of the Wedge: 
and conſequently each part of the Obſtacle is move 
half the Breadth of the Wedge; and proportionab i 


in its whole Progreſs, as appears from the Nature d 
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angles, Ia Triangle. Whence, if the Power be to the Re- 
logram ] ſiſtance ofi each fide the Wedge, as half its Thickneſs 


led the to its Height, the Reſiſtances will counterbalance the 
power; ſo that if the Power be increaſed, it will 
overcome the Reſiſtance. 


K SC EHOLIU M. 
en is not increaſed by the means of mechanical Inſtru- 
%, ments, which is impoſſible to be done 3 but by the 

application of the Inſtrument, the Velocity of the 
Wedge Weight that is either to be raiſed or drawn along, 
hneſs of WM is diminiſhed in ſuch a manner, that the Momentum 
cleaved I of the Weight becomes leſs than the Momentum of 


Wedge the Power. So, for example, if any acting Force 18 


ure, tit able to raiſe a given Weight of one Pound with a 


given Velocity, it is impoſſible, by the means of any 


Inftrument whatever, that the ſame Force ſhould be 
made to raiſe a Weight of two Pounds with the 
ame Velocity; yet it may, by the help of an Inſtru- 
ment, be able to raiſe a Weight of two Pounds with 


Weight of a thouſand, or even ten thouſand Pounds, 
Velocity; but the Force of the Power is not there- 


niſing that great Weight, is equal to the Motion that 
b produced when a Weight of one Pound is raiſed. 


why in Canals of different Capacities, which commu- 


ner, tit nicate with one another, the Equilibrium of Liquors 
vhen die d preſerved, For let AB CD be a large Canal com- 
che Ob municating at C with a ſmaller one MNKHz; if 
We Water be poured in, it will riſe in both Canals to the 
s R. lame height, and the Endeavour to deſcend, or the 
mom! Force that the Water in the Canal F H has to flow 
Nature r through the Orifice C, is equal to the Force of the 


K 2 Water 


HEN CE it appears, that the Force of the Power 


half that Velocity; nay, the fame Power will raiſe a 
with the thouſandth or ten thouſandth part of that 


by increaſed : the Motion only that it produces in 


FROM what has been ſaid, the Reaſon is plain, 
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Water in the Canal, A C to of ch. 
MAN deſcend through the ſame Ori. 
fice. For if we ſuppoſe, that I 5. 
the Water has deſcended in 
the Canal AC through the Velo, 
Height AI; it is neceſſary, N of th. 
that the Water in the Canal 


l 
| FH do riſe to the Height © 

42 PF A N, namely, to ſuch a Height may 
L —= L = that the Cylinder of Water gum 

Ig — | MFGN be equal to the Cy. chrou 

| = = | 

9 linder AI LD, viz. the Cy. in the 


linder of Water, which de- 
In ſcends in the Canal A C: but 
in equal Cylinders, the Baſe 950% 
and Heights are reciprocal [by 
VC 15 El. 12.] that is, it will be 
FM to Al, as the Orifice A D to the Orifice MN 
or FG; but it is FM to All, as the Velocity of the 
Aſcent of the Water in the Canal F N, to the Velo- 
city of the Deſcent of the Water in the Canal AC; 
and the Orifice A D is to the Orifice MN, as the 
Water in AC to the Water in the Canal F H, for 
Cylinders of the ſame height are as their Baſes. 
Whence the Velocity of the Water aſcending in the N be . 
Canal F H, will be to the Velocity of the Water de: te "4 
ſcending in the Canal A C, as the Water in the Canal WW. c- 
AC to the Water in FH; that is, the Velocities of ſhall 7 
the Waters are reciprocally proportionable to the WW... c 
Quantity of the Waters themſelves, and therefore the MIR: 
Momenta of the Waters will be equal: but they are 
contrary, whence there will follow no Motion. 
HN E, by the bye, appears the Reaſon why 
Water, or indeed any Fluid, flowing out of a larger {Ev = 1 
into a narrower Channel, is moved with a greater mov; 
Celerity. | ; comp 
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HE N c E in an Animal Body, if the ſmall Branches 
of the Arteries, or the Capillary Arteries, have the 
Sum of their Orifices, or rather of their tranſverſe 
Sections, greater than the tranſverſe Section of the 
great Artery cr Aorta, from which they all ariſe ; the 
Velocity of the Blood will be leſs in the Extremities 
of the Body, than in the Aorta: but if this Sum be 
equal to the tranſverſe Section of the Aorta, the Ve- 
locity of the Blood in the Extremities will be equal 
to the Velocity of the Blood in the Aorta; if the 
Sum is leſs, the Velocity of the Blood circulating 
through the extreme Arteries, will be greater than 
in the Aorta. 8 


eee eee 
LECTURE. XL 
O the Laws of Nature. 


E have hitherto given the Demonſtrations of 
S Theorems relating to the Quantity of Mo- 
tion, to Spaces paſſed over by moving Bo- 

dies, as likewiſe the Corollaries that might 
be deduced from them ; now then we ſhall proceed to 
the Laws of Nature: namely, ſuch Laws, as it is ne- 
ceſſary that all natural Bodies do obey. And we 
ſhall deliver theſe in the ſame Order, and in the 
very ſame Words, as they are laid down by the 
[luſtrious Sir [aac Newton ; the firſt whereof is this: 


LAW T. 


Ever y Body will continue in its State of Reſt, or of 


moving uniformly in a right Line, except ſo far as it is 
compelled to change that State by Forces impreſſed. 
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SINCE natural Bodies conſiſt of a Maſs of Ma. 
ter, that of itſelf is not able to induce any Chang 
in its State; if Bodies were once at Reſt, it is ne. 
ceſſary that they ſhould always remain in that Stat 
of Reſt, unleſs there is applied a new Force to pro 
duce Motion in them: but if they were in Motion 
the ſame Energy or Force would always preſcrve th 
Motion; and therefore Bodies would always retain 
their Motion, and would always proceed forward 5 
the ſame right Line with the ſame Tenour, fine 
they cannot of themſelves acquire either Reſt, or; 
Retardation, or a Change of their Direction t 
turn on one fide or the other. There are ſome Phi 
lofophers, who readily enough acknowledge that n 
Body can move of itſelf, that is, paſs from Reſt u 
Motion of itſelf; but then they are not as willing 
to grant, that Bodies once moved cannot of then: 
ſelyes arrive at Reſt, by reaſon they ſee the Motion 
of Projectiles languiſn by degrees, and at laſt tht 
moving Bodies themſelves come to Reſt, 

Bur as no Mode, or Accident, can of its ou 
accord or by itſelf be deſtroyed, and as all Effet 
produced by tranſient Cauſes do remain always, ut 
leſs there be ſome new and extraneous Cauſe tint 
deſtroys them; ſo likewiſe Motion once commenct 
will be continued always, unleſs it is hindered b 
ſome external Cauſe : nor is it more in the power d 
a Body once moved, to lay aſide its Motion or Ener 
gy to move, and return of itſelf to Reft, than it cu 
put off the Figure that it has been once formed into, 
and acquire a new one, without ſome extrinſic 
Cauſe, 

TTR RE is beſides in all Bodies a certain Force 
or rather Inactivity, whereby they oppoſe eve! 
Change; whence it is, that they are very difficulty 
put out of their State, whatever it is: but that 
Force is the ſame in moving Bodies, as in that q 
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Reſt, nor do Bodies leſs reſiſt the Action, whereby 
they are brought from Motion to Reſt, than that 
whereby they paſs from Reſt to Motion; that is, 
there is not required + leſs Force to put a ſtop to the 
Motion of any Body, than was before neceſſary to 


impreſs that Motion on the ſame Body. Whence, 


fince the Vis Inertie or Inactivity of Matter always 
equally reſiſts equal Changes, it will not be leſs 
powerful to continue a Body in Motion, which has 
begun to move, than to preſerve a quieſcent Body in 
the ſame State of Reſt. 


TRAH HRE are ſome Philoſophers who ſuppoſe Body 


of irs own nature to be as indifferent to Motion as 
to Reſt ; but by this Indifference they do not, I be- 
lieve, mean ſuch a Diſpoſition in Bodies, whereby 


they do not in the leaſt reſiſt Reſt or Motion: for on 
this Suppoſition it would follow, that any Body, 
however great, and moved with the ſwifteſt Veloct- 
ty, might be ſtopped by any the ſmalleſt Force; or 
if the great Body was at reſt, it might be moved by 


any Body, however ſmall, without the leaft Loſs of 


Velocity in the impelling Body: that is, any ſmall 


Body impinging, on a greater one, would carry that 


greater Body along with it, without the leaſt Loſs 
of its Motion; and each Body after the Impulſe 
would be jointly carried along with that Celerity, 


that the ſmall Body had at firſt, which, we all know, 


is abſurd. This Indifference therefore is not placed 
in a Non-refiſtance to Motion from a State of Reſt, 
or to Reſt from a State of Motion ; but in this only, 
that a Body of its own nature is not more propenſe 


to Motion than to Reſt, nor more reſiſts to paſs from 


a State of Reſt to Motion, than to return again from 
that Motion to the ſame State of Reſt : beſides, any 
quieſcent Body may be moved by any Force, and an 


equa] Force acting in a contrary Direction, will be 
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able to deſtroy that Motion; and in this, they would 
have this Indifference placed. 

S1Nc E, according to this Law of Nature, a Body 
once in Motion always continues in that Motion, the 
Philoſophers ask why all Projectiles loſe by degrees 
their Motion? (which Motion they are pleaſed to 
call violent.) Why do they not proceed in infinitum ? 
If Motion did not of its own nature decay, a Stone 
thrown at the beginning of the World would by this 
time have gone through an imtnenſe and almoſt inh- 


nite Space. And ſo indeed it would, if its Motion 
had been in vacuo or in free Spaces, and without any 
Gravity. But ſince all Projectiles are carried either 
through the Air, or on the rough Surfaces of other 


Bodies, they muſt be neceſſarily retarded : for ſince 
all Bodies in motion muſt drive and thruſt out of its 
place the reſiſting Air, or overcome the Roughnels 
of the Superficies upon which they are moved ; they 
will loſe all that Force and Motion, that is conſtantly 


employed in overcoming theſe Obſtacles, and conſe- 


quently the Motion of Projectiles will be continually 
diminiſhed: but if there was no Reſiſtance in the 
Medium, no Roughneſs in the Superficies on which 


they were moved, no Gravity that continually forces 


the Bodies towards che Earth, Motion would always 
continue the ſame, without any Retardation at all. 
So in the Heavens, where the Medium is exceedingly 
rare, the Planets do continue in their Motions for a 
very long time; and upon Ice, or any other very 
ſmooth Surface without any Roughneſs, heavy Bodies 


in motion are not ſoon brought to reſt. 


LI the Philoſophers at length leave off inquiring 
into the Cauſe of the Continuation, of Motion; for 
there is no other beſides that firſt Cauſe, which does 
not only preſerve Motion, but every thing elſe in its 
Being, namely, the All-wiſe and Great God, Nor 


is Motion continued any other way, than that where- 
by 
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137 
by is preſerved the Figure, the Colour, and any 
other the like Aﬀections of Body, which always re- 
main the ſame, unleſs they are altered by any exter- 
nal Force. | 
THESE Philoſophers would have done much bet- 
ter, and more ſuitable to the Rules of good Method, 


if they had inquired out the Reaſons of the Decay or 


Loſs of Motion: but there are ſome ſo blind in this 
Affair, that they ſuppoſe that very thing to be the 
Cauſe of the Continuation of Motion, from which in- 
deed proceeds its Decay. 

LET the Philoſophers alſo leave off diſputing con- 
cerning the Communication of Motion; for from 
That has been ſaid, may be underſtood why a Stone 
goes with ſo great an Impetus out of the Hand of one 
that throws it; namely, when the Stone is held in the 
Hand, it is neceſſary that it partakes of the Motion 
of that Hand [by Axiom 8.] ſo that it will be carried 
in the ſame Direction with the Hand: but every na- 
tural Body once moved, continues in the ſame Mo- 
tion [by the above-mentioned Law] until it is hin- 
dered by ſome external Agent, whence when the Per- 
ſon that caſts the Stone draws back his Hand, but not 
drawing back the Stone, it will proceed right forwards. 
After the ſame manner, if a Ship or Boat is ſwiftly 
driven by the Winds or Oars, thoſe that fit in her, have 
the ſame ſwift Motion communicated to them; but if 
the Ship ſtop of a ſudden, every thing that is placed 
in that Ship endeavours to continue its Motion, and 
ſuch things as are not firmly fixed to the Ship, do after 
the Ship is at reſt, leaving their places, ſtill move on; 
and hence there is a danger, leſt Men relatively at reſt 
in a Ship, after ſo ſudden and as it were violent Change 
of its State, are not thrown along; namely, ſince the 
Motion which they before received from the Ship, is 
not yet deſtroyed. 
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Ir a Stone is ſwiftly whirled about in a Sling, it 
deſcribes a Circle with the ſame Velocity as the bot- 
tom of the Sling has, wherein the Stone 1s placed : 
but ſince every Body affects to proceed in a rig * 
Line, the Stone in every Point of its Orb would 
out in a right Line, touching that Orb in the Poe 
wherein it is placed, if it was not hindered by the 
String: ſo that if the String be let go, broke, or 
any other ways deſiſts from detaining the Stone, the 
Stone would no longer move in a Circle, but in 2 
right Line, excluding the Motion ariſing from its 
Gravity. 

THAT Endeavour, which the . thus whirled 
about has in any Point of its Orb, of running ou 
in the Tangent, ſtretches the String by which it 1s 


detained in that Orb; and that Force, whereby th: 


String is ſtretched, ariſes from the centrifugal Force, 
whereby, namely, it endeavours to recede from the 
Periphery. This Tenſion any one may eaſily expe- 
rience in a Sling 3 and it is found by Obſervation, 
that the ſwifter the Stone is whirled about, or the 
greater the Weight is that is put into the Sling, the 
greater will be the Tenſion of the String, or it will 
be ſtretched the more. 

Fo R this reaſon, ſome Philoſophers will have this 
centrifugal Force to proceed from Gravity alone, but 
neither Reaſon nor Experience favours this Opinion; 
for ina Sling, the String is not only ſtretched when 
the Stone moves through the loweſt part of its Orb, 
but likewiſe when it deſcribes the upper part: 
which cannot ariſe from Gravity, ſince Gravity in 
the upper part of its Orb can only draw the Stone 


towards the Center, which is directly contrary to the 


centrifugal Force, that compels it to recede from 
the Center, Beſides, if the Stone is whirled about 
in a Circle parallel to the Plane of the Horizon, the 
String is then alſo ſtretched; but Gravity can no 
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about the Sun. 
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ways produce that Tenſion, fince the Stone is neither 
carried upwards or downwards, whoſe Motion can 
therefore be neither increaſed or dimintſhed by this 
Gravity : the centrifugal Force conſequently does not 
ariſe from Gravity, but only from that Endeavour, 
which all Bodies have of proceeding in the fame 
right Line. | 

Ir we ſuppoſe the Earth to revolve about its 
Axis, all of us who live upon 1ts Surface muſt re- 


volve together with it; ſo that if its Motion ſhould 


ſuddenly ceaſe, all things not firmly fixed to it, 
would be thrown from 1t with a violent Motion, So 
likewiſe if it is carried with an annual Motion about 


the Sun, and that Revolution ſhould be ſuddenly 


ſtopped, all things would be thrown from it, and, 


like Planers, would revolve about the Sun, by the 


ſame Cauſe, as the Earth itſelf was moved before 


$S1NcE the Earth turns about its Axis, and all 
things on it deſcribe Circles parallel to the Plane of 
the Equator, the Philoſophers demand how it comes 


to paſs, that all Bodies are not thrown off from its 


Surface, when by the Law of Nature all Bodies 
affect a Motion in a right Line? So indeed they 
would be thrown off, if they were not detained on 
the Earth by another Force, which is Gravity, and 
which is much more potent than the centrifugal Force. 

Ir a Veſſel full of Water is placed on any horizon- 
tal Plane, and ſuddenly puſhed forward by any great 
Force, the Water in the Veſſel will at the beginning 
be ſeen to tend towards the Parts that are contrary 


to the Motion of the Veſſel : not that in reality ſuch 


a Motion is impreſſed on the Water, but ſince it en- 
deavours to continue in the ſame State of Reſt, the 
Veſſel cannot immediately communicate its Motion 
to the Water contained in it; and therefore the Wa- 
ter deſerted by the Veſlc], and truly at reſt, will 
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ſeem to change its relative place. But at length 
after the Motion of the Veſſel is communicated to 
the Water, and that together with the Veſſel begins 
to move uniformly and with the ſame Celerity, if 
then the Veſſel be ſuddenly ſtopped, yet the Water 
will endeavour te continue in the ſame Motion, and 
riſing up the Sides of the Veſſel, part of it will even 
run over. D 

Tx a Ship is toſſed by a Storm and a troubled Sea, 
the Men that are fitting in her, and relatively at reſt, 
will be ſeized with Pains, Sickneſs, a Nauſea and 
Vomiting, eſpecially if they have not been uſed to 
the Sea; ſince the Liquids contained in their Sto- 
machs, Inteſtines, Blood- Veſſels and other Ducts, do 
not immediately obſerve the Toſſings of the Ship, 
whence the Motion of the Fluids in the human Body 
is diſturbed, and Diſeaſes do ariſe. 


LAW IL 


T n x Change of Motion is always proportionable to the 
moving Force impreſſed, and is always made according to 
zhe right Line, in which that Force is impreſſed. 


T H 1 5 follows from the fourth Axiom; for if any 
Force generates a certain Motion, a double 'Force 
will generate a double Motion, and a triple one a 
triple Motion: and this Motion, becauſe it is deter- 
mined always into the ſame Direction with the moving 
Force, (for it ſolely ariſes from it) it will be always 
made according to the fame Direction [| by the firſt 
Law,] nor can the Body decline according to any 
other Direction, unleſs ſome new Force oppoſes the 
former : ſo that if the Body was moving before, the 
Motion produced from the impreſſed Force will 
| either be added to the conſpiring Motion, or ſub— 

_ ducted from the oppoſing Motion, or obliquely joined 
to the oblique Motion. and will be compounded 
with it according to the Determination of both. : 
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Ir any Force produces a Motion in a given Body, 
ſby the firſt Law) that Body will always continue in 


irs Motion: but if afterwards the fame or an equal 


Force again acts on that ſame Body according to the 
ſame Direction, the Motion thence ariſing will be 
equal to the former, and therefore the Sum of the 
Motions will be double that former; if the ſame 


Force a third time acts in like manner on the ſame 


Body, the Motion hence occaſioned will be alſo equal 
to the firſt, and therefore the Sum of the Motions 
will be triple the Motion firit impreſſed: and if the 
fame Force ſhould act again on the ſame Body as 
before, the Sum of all the Motions will be quadru- 
ple the Motion firſt impreſſed, and ſo on continually. 
HEN C E if this new Force ſhould act continually 


and equally, in equal Intervals of Times, the Motion 


thence ariſing would be as the Sum of the Times in 
which it was generated: ſo that, ſince by reaſon the 
Body is given, the Motion is as the Velocity, the 


Velocities ſo generated will be as the Times from 


the beginning of the Motion, and the Motion will 
be equally accelerated. Hence the following Theo- 
rems may be eaſily demonſtrated. 


TFHEQR.-X\L 

Ir Bodies at all Diſtances from the Earth gravitate equally, 

_ the Motion of Bodies falling by their Gravity in the ſame 
right Line, will be an equably accelerated Motion. 

Leer the Time in which the Body is falling, be 

ſuppoſed to be divided into equal and very ſmall 

Particles, and let the Gravity acting in the firſt Par- 


ticle of Time draw the Body towards the Center; 


if now after that firſt Time the Action of Gravity 
ſhould ceaſe, and the Body be no longer heavy, ne- 
vertheleſs the Motion received from the firſt Impulſe 
would be always continued, and the Body would 

equally 
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equally deſcend to the Earth, [by the firſt Law; 


but ſince the Body is conſtantly heavy, and Gravity 


acts without intermiſſion, alſo in the ſecond Particle 
of Time the ſame Gravitation will communicate to 
it another Impulſe equal to the former, and the Ve- 
locity of the Body after theſe two Impulſes will be 


double the former Velocity; and if the Force of Gra- 
| vity was quite removed, yet the Body would con- 


tinue to move in the ſame right Line with the ſame 
Velocity : but fince in the third Particle of Time 
the Body is acted upon by the ſame Gravity, it will 


alſo after that third Time acquire another Motion 


equal to each of the formerz ſo likewiſe in the 
fourth Particle of Time the Gravitation will add to 
the heavy Body a fourth Impetus equal to each of the 
former: 1 ſo of the reſt. The Impetus therefore 
or Motions of a given Body acquired by its Gravity, 
are as the Particles of the Time elapſed from the be- 


ginning: ſo that ſince the Action of Gravitation is 


continual, if thoſe Particles are taken infinitely ſmall, 
the Motion of the falling Body acquired by its Gra- 


vity, will be as the Time elapſed from the beginning 


of the Fall; and ſince the Body is given, its Motion 
will be as its Velocity, therefore the Velocity will be 
always as the Time in which it was acquired. In- 
ſomuch that in equal Intervals of Times, a falling 
Body will receive an equal Increaſe in its Velocity, 
and conſequently its Motion will be uniformly acce- 
— Þ A 

IN like manner, from the fame Principles may be 


demonſtrated, that the Motion of Bodies thrown 


upwards is equably retarded z ſince the Force of 


_ Gravity, acting conſtantly and equally againſt the 


otion commenced, in equal Times will equally di- 


miniſh its Motion, even till all che Motion upwards 
is quite deſtroyed. 
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Cor. LET the right Line AB repreſent the Time 
in which a Body is falling, and BC making with 


Ag a right Angle, repreſent 


the Velocity acquired at the 


and through any Point D let 
be drawn DE parallel to BC: 
this will be as the Velocity 
acquired at the end of the 
reaſon 
of the ſimilar Triangles ABC, 
ADE) ABisto AD as BC 
to DE; but BC repreſents 
the Velocity acquired in the 
Time AB, whence (ſince 


the Velocities are as the Times) DE. will repreſent 


the Velocity acquired at the end of the Time AD: 
in like manner, FG will repreſent the Velocity in 
the Point of Time F, and in every Point of Time the 
Velocities will be as the right Lines drawn within the 
Triangle through it, and parallel to the Baſe B C. 


THEOR; XVII. 


Ir a heavy Body deſcends from Reſt with a Motion uni- 


formly accelerated, the Space, that from the beginning 
of its Motion is run over by the Body in a given Time, 
will be half the Space that may be uniformly run over in 


that Time, with a Velocity equal to that which the 


heavy falling Body will have acquired at the end of 
that Time. 


LET AB be the Time in which the heavy Body 
is a falling, and let B C be the Velocity acquired at 
the end of the Fall; compleat the Triangle ABC, 


and Rectangle AB [> D; moreover, let the Time AB 


be diſtinguiſhed into innumerable Particles, ei, im, 
n P, 4 draw ef, ik, mn, pq, &c. parallel to the 
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Baſe; [by the preceding Corol.] ef will be as tlie 
Velocity of the heavy Body in the infinitely ſmall 
Particle of Time ez; and i 
A ———— —<£—-——D will be its Velocity in the 


144 


Particle of Time i m; alfo 
mn will be its Velocity at 
I. the Point of Time mp; and 
E ſo pq will be the Velocity 
Ip in the Particle of Time po: 
but [by Cor. Theor. 7.] the 
— Space paſſed over in any 
— Time, and with any Velo- 
city, is as a Rectangle un- 

B — C der that Time and Velo- 
| . city: whence the Space 
paſſed over in the Time ei with the Velocity ef, will 
be as the Rectangle i ; ſo the Space paſſed over in 
the Time im with the Velocity ik, will be as the 
Rectangle R; ſo likewiſe the Space paſſed over in 
the Time m with the Celerity nun, will be as the 
Rectangle pn: and fo of the reſt. Wherefore the 
Space paſſed over in all theſe Times, will be as all 
theſe Rectangles, or as the Sum of all theſe Rectan- 
gles; but ſince the Particles of Time are infinitely 
ſmall, the Sum of all the Rectangles will be equal to 
the Triangle AB C: but [by the Corol. of Theor. 7. 
the Space paſſed over by a moving Body in the Time 
AB with an uniform Celerity BC, is as the Rectan- 
gle ABC D. Whence the Space paſſed over in a 
given Time by a heavy Body falling from Reſt, will 
be to the Space paſſed over in the ſame Time with 
an uniform Velocity, equal to that which is acquired 
by the heavy Body at the end of its Fall, as the Tri- 
angle ABC to the Rectangle AB CD; but the 
Triangle ABC is half the Rectangle AB CD, 
whence the Space that is paſſed over in a given Time 
by a falling Body from the beginning of its Fall, oo 
be 


| 
| 
| 


reaſo 
Triat 
cate | 
the S 
Space 
tio of 
there 
ginni 
Whicl 

Co: 
State 
Time 


be qc 


as tlie 
ſmall 
and i 
in the 
3 alfo 
city at 
) 3 and 
elocity 
ne Po: 
7.] the 
n any 
Velo- 

zle un- 
Velo- 

Space 

5, will 
Over in 
as the 
over in 
as the 

ore the 
as all 
dectan- 
finitely 
qual to 
2Or. 7.] 
> Time 
Nectan· 
r in 4 
ſt, will 
je with 
cquired 
he Tri- 
ut the 
BCD, 
1 Time 
II, will 
55 


Lect. I I. 


be half that Space which it would have paſſed over in 
the ſame Time, with an uniform Velocity equal to that 
which it has acquired at the end of its fall. Q. E. D. 
Cor. 1. THe Space which is paſſed over with the 
Velocity CB: in a Time equal to half AB, will be 
equal to the Space paſſed over by a falling heavy Body 
in the Time AB. 
Cor. 2, FROM the Demon- 
ſtration itſelf it follows, that as 
the Space paſſed over in the 
Time AB may be repreſented 
by the Triangle ABC, fo the 
Space deſcribed by the heavy 
Body in the Time AF may be 
repreſented by the Triangle F 
AFG: alſo the Space gone D 
through in the Time A D, may 


EE NE 


be expounded by the Triangle B — 2 


ADE. 


Cor, 3. THE Spaces paſſed over, reckoning from 


the beginning of the Fall, are in a duplicate Ratio of 


the Times: for the Space paſſed over in the Time 


AB, is to the Space paſſed over in the Time AF, as 
the Triangle AB C to the Triangle AF G; but (by 


reaſon of the ſimilar Triangles ABC, AFG) the 
Triangle ABC is to the Triangle AF G in a dupli- 


cate Ratio of the Side AB to the Side AF: ſo that 
the Space paſſed over in the Time A B will be to the 


Space paſſed over in the Time A F in a duplicate Ra- 


tio of the Time AB to the Time A F, The Spaces 
therefore paſſed over by a heavy Body from the be- 
pinning of its Fall, are as the Squares of the Times in 
which they are run thorough. 5 

Cor. 4. HEN OE if a heavy Body falling from a 
State of Reſt, paſſes over a certain Space in a given 


Time, the Space paſſed over in a double Time will 


be quadruple the former Space; and the Space run 
L over 
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over in a triple Time will be nine times greater thar 
the Space firſt run over, &c. that is, if the Times are 


taken as 1,2, 3, 4,5, Sc. the Spaces deſcribed in 
theſe Times reckoning from the beginning of Mo- 
tion, will be as 1, 4, 9, 16, 25, Cc. 

Cor. 5. SINCE the Space paſſed over in the firſt 


Time is as 1, in the ſecond as 4, computing from 


the beginning, the Space deſcribed ſeparately in the 
ſecond Time will be as 3. After the ſame manner, 
ſince the Space deſcribed at the end of the third 


Time is as 9, and at the end of the ſecond as 4, the 


Space deſcribed ſeparately in the third Time will be 
as 53 and ſo of the = a taking therefore equal 


Parts of the Times, the Spaces deſcribed ſeparately 


in every one of thoſe Times by a heavy Body falling 
from a State of Reſt, will be as 1, 3 537» 9, 11, EN 
namely, as the odd Numbers. 

Cor. 6. Hence allo, ſince the Velocities acquired 
by a falling Body are as the Times, the Spaces paſſed 
over will be likewiſe as the Squares of the Veloci. 


ties: and the Velocities, as well as the Times, wil 
be in a ſubduplicate Ratio of the Spaces through 


which the heavy Body falls, computing from the be. 


ginning of the Motion. 
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LAW III. 

RE-Ac T IO N i always equal, and contrary io Ackion; 
or the Actions of two Bodies upon each other are always 
equal, and in contrary Direftions. That is, by Action 
and Re- action equal Changes of Motion are produced in 
Bodies acting upon each other, and theſe Changes are 
impreſſed towards contrary Parts. 


Is Law will be better illuſtrated by Ex- 
W amples. 

1. IF one Body 1 impinges on another Body 

8 at reſt, whatever Motion is impreſſed on the 

Body at reſt, juſt the ſame Quantity of Motion is ſub- 
tracted from the im- 
pinging Body. For ex- 
ample, if the Body A, 
whoſe Motion 1s twelve 
Parts; is carried towards 
the Body B, and if after 
the Impulſe, it ſhall have communicated to B five 
Parts of its Motion, then will there remain to A 
but ſeven Parts of Motion, ſo that the Changes 


which happen to both Bodies will be equal; and the 


Effect will be exactly the ſame, as if a Force equi- 
valent to five Parts of Motion ſhould puſh the Body 
B towards C, and another Force equal to the former 
ſhould a& on the Body A, and ſhould prels it the 
contrary way towards D. 

2. IF the Body B ſhould not be at reſt, but tend 
towards C, and the Body A moving faſter, ſhould 
impinge on it; the Body A would loſe Juſt the ſame 


L 2 Quan- 
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Quantity of Motion as the Body B would gain, and 
the Changes of Motion produc'd by the Impulſe on 
both the Bodies, (that is, the Increaſe of Motion in 
one, and the Decreaſe in the other) will be equal. 

3. Ir the Bodies A and B meet each other, A be. 
ing carried towards C with twelve Parts of Motion, 
but B towards D with three Parts of Motion; what. 
ever Change of Motion happens to the Body B, the 
very ſame will befall the Body A: for example, if 
after the Concourſe B is carried towards C with two 


Parts of Motion, the Change of Motion that is made 


in it will be five Parts; namely, equal to the Sum of 
two Motions, viz. of that whereby it was before car- 
ried towards D, and which was deſtroyed by the Im. 


| Pulſe of the Body A, and of that which it then fe 


ceived, and wherewith it tends towards C; and the 


Motion loſt in the Body A, will be exactly equal to 
theſe five Parts of Motion: ſo that (as in the firſt Ex- 


ample) the Effect will follow exactly the ſame, as it 
would be, if a Force with five Parts of Motion ſhould 
puſh B towards C, and another Force equal to the for- 
mer ſhould be impreſſed on the Body A, and preſs it 
towards the Parts D. 5 ' 

AN p univerſally, the Magnitude of a Stroke 
which ariſes from the Concourſe of two Bedies, is al. 


ways equally receiv'd by both the Bodies; whence the 


Changes of Motion produced by the Stroke in both 
the Bodies, will be always equal. 

So if an Iron Hammer ſtrikes againft a Glaſs, the 
Blow 4s received equally by the Hammer as by the 
Glaſs, and the Glaſs is broke, when at the ſame time 
the Hammer remains whole, not becauſe the Force 


of Percuſſion impreſſed on the Glaſs is greater than 


that is which is received by the Hammer, bur becauſe 
the Parts of the Iron being harder, and cohering 
more firmly together, do more ſtrongly reſiſt the 
ſame Force of Percuſſion, than the brittle and les 
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Juſt after the 
is faſten'd to a Wall by a 
fine Thred, a ſmall force will be ſufficient to pull it 


from thence; but if the ſame Body is faſten'd by a 
ſtrong Rope, the former Force equally applied, will 
little avail to draw it away. 5 3 

4. Ir a Horſe draws forwards a Stone tied to 2 
Rope, the Horſe alſo will be equally drawn back- 
wards towards the ſame Stone; for the Rope ſtretched 
both ways, by the ſame Endeavour of relaxing it- 
ſelf, will equally ſtrain the Stone towards the Horſe, 
and the Horſe towards the Stone: whence the Forces 
of Attraction, as well in the Horſe as in the Stone, 
will be equal; but ſince the Firmneſs and Force of 
the Horſe ſtanding upon the Ground is ſo great, that 
he is able to reſiſt the drawing of the Rope, he will 
not in the leaſt yield to the drawing Rope, nor by its 
Force be removed out of his place ; but the Stone, 
wherein there is not ſo great a reſiſting Force, will be 
moved towards the Horſe. 

3. WE find by Experience, that in magnetick 
Attractions the Loadſtone does not only draw the 
lron, but is in like manner equally drawn by the 
Iron: For let a Loadſtone be placed on a piece of 
Cork B, and likewiſe the Iron A on another piece 
of Cork, and let them both ſwim in Water ; then 
let the Loadſtone be 
held by any one's 
Hand, and we ſhall ſee 
the Iron advance to the 
Loadſtone: and if the 
Iron is kept immove- 
able, we ſhall find the 
Loadftone will come to 
it: but if both the Bo- 
dies are permitted to float freely 


on the Water, we 


hall behold both the Loadſtone and the Iron mutually 
| meet 
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meet each other, and the Force of Attraction act 
equally upon them both, producing equal Motions 
in each: 1 ſay, the Motions will be equal, but not 
the Celerities, unleſs the Iron and the Loadſtone 
weighed alike; for if they are of different Weight, 
that which weighs the moſt, will have the leaſt Cele. 
rity. For example, if the Laadſtone is ten times 
heavier than the Iron, the Iron reciprocally will have 
ten times a greater Velocity; namely, that there may 
be generated equal Quantities of Motion in each Body 
fo that the Loadſtone and the Iron will not meet in 
the middle Point E, but in the Point D, which vil 
ſo divide the Diſtance B A, as BD will be to DA 
the Weight A to the Weight B. So in the preſent 
Example, if BD is the eleventh part of the whole 
Diſtance, the Point D will be where the Loadſtone and 
the Iron will meet each other: for fince BD is the 
eleventh part of the Diſtance B A, BD will. be to 
DA as 1 to 10; but as 1 to 10, ſo (by what was 
aid before) will be the Velocity of the Body R to the 
Velocity of the Body A. Wherefore ſince the Spaces 
paſted over in a given Time are proportionable to the 
Velocities, during the time the Body A is running 
over the Space A D, the Body B carried with the tenth 
part of the other's Velocity will have paſſed over a 
Space equal to the tenth part of the Space run over 
by the Body A: ſo that at the end of that Time it 
will be found in D, in which Point therefore the Load- 
ſtone and Iron will meet each other. After the ſame 
manner, two Loadſtones being placed on two Pieces 
of Cork, if their correſponding Poles be ſet towards 
each other, they will mutually attract each other e- 
gually z but if their adverſe Poles be placed near one 
another, theſe Poles will mutually fly from each other, 
and the Quantities of Motion produced by the 
Force where with they avoid each other, will be equal 


in both. 
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6. Tur ſame thing may be ſhewn en ther 
kinds of Attractions. For let A and B be two 
Barges upon the Water, and let a Man placed in 
one of them, as, for example, in A, draw oy ttc 


means of a Rope the other Barge B Sarg 


himſelf; by this Action of the Man, not only the 
Birge B will approach towards A, but A alſo will 


be equally drawn towards B; and the Quantities of 
the Motions produced by the Attraction, will be 
equal in each Barge: whence if the Barges are of 
the ſame Weight, they will have, c@/eris paribus, equal 
Velocities, and they will meet at the middle Point E. 


But if one is greater than the other, that is, has in 


itſelf a greater Quantity of Matter, or a greater 
Weight, then that which is the biggeſt will have 
the leaſt Velocity. For example, if the Barge B 1s 
ten times greater than the Barge A, the Velocity of 
A will exceed the Velocity of the Barge B ten times, 
and the Barges will meet in the Point G, which ſo 
divides their firſt Diſtance A D, that AG is ten 
times greater than GD; that is, GD will be the 
eleventh part of the whole Diſtance A D: but if B 
ſhould be a Ship a thoufand or ten thouſand times 
bigger than A, its Velocity would be a thouſand or 
ten thouſand rimes leſs than the Velocity of A, and 
conſequently it would be ſcarcely diſcernible. Now 


if B ſhould be another Body infinitely great, its Ve- 
bs 2 
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locity would be infinitely ſmall, that is, juſt nothing 
in reſpect of the Velocity of A. Hence if the Rope 
ſhould be faſtened to the Shore, and the Man in the 
Barge ſhould draw by the Rope the Shore towards 
himſelf, the Barge would approach towards the 
Shore, and the Shore towards the Barge: but ſince 
the Shore firmly adheres to the whole Body of the 
Earth; its Magnitude, which is therefore equal to 
the Magnitude of the whole Earth, in reſpect to the 
Barge, will be very immenſe and almoſt infinite, fo 
that its Velocity will be nearly infinitely ſmall, and 
(as I may ſo ſay) nothing at all: and conſequently 
the Shore may be look*d upon as fix*d and impoſſible 
to be mov'd, and the whole Velocity as altogether 


appertaining to the Barge. If the Weight 


of the 


Barge B 1s a thouſand Talents, and 1s carried to- 
wards F with an hundred Degrees of Motion, the 
Momentum of that Barge will be [by Theor. 3.] an 
hundred thouſand parts. Now if to the Barge B 
taſtened the Boat A, whoſe Weight is ten Talents, 
whatever Motion by this means is communicated to 
the Boat A, the very ſame Quantity of Motion will 


be taken from the Barge B. So that, 


7. Ir any one in the Boat A draws the Rope 
AE, by which the Boat is faſtened to the Barge B, 
in ſuch a manner that the Boat moves forward with 
five hundred parts of Velocity, the Motion thence 


ariſing will be five thouſand parts; and ſo much of 


its Motion the Barge B will loſe, and conſequently 


there will remain to it ninety-five thouſand Parts of 


Motion, whence the Velocity of the Barge B will be 


ninety-five Parts. 


8. Ir any one fitting in the Boat A, ſhould by a 


Spreat, or the like Inſtrument, puſh or thruſt the 
Barge B towards the Parts F, by that puſhing the 
Boar A would recede towards the contrary Parts ; fo 
Veſſels, 


that the Quantity of Motion in both the 


ariſing 
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ariſing from the Force of the Man's puſhing, would 
be equal: whence if the Barge B is ten times greater 
than the Boat A, it will have ten times a leſs Velo- 
city 3 if it is an hundred times bigger, it will like- 
wiſe have the hundredth part of the Velocity of the 
Boat A: ſo that if the Body B is an immenſe Body, 
the Velocity of the Boat A will be immenſe in reſpect 
of that which ought to be found in B. Whence if 
any one ſitting in a Ship, ſhould by means of a Pole, 
endeavour to thruſt the Earth or the Shore from him, 
the Ship by his thruſting would recede from the 
Shore; for the Shore, in reſpect of the Ship may be 
looked upon as an immenſe and fixed Body, whoſe 


Velocity therefore will be exceeding ſmall, or indeed 


none at all, in reſpect to that which is found in the 
Ship. <7 
Ir the Boat EDG is rowed by Oars, ſince the 


Water is by the broad Ends of the Oars A, B, 


driven back- 
wards towards 
the Parts C, 
that will again 
equally re- act 
upon the Oars, 
and forcethem, 
together with 
the Doat co 


which they are fixed, towards the Parts H: for 


which reaſon alone it is, that the Boat is moved for- 
wards; for if there was no Re. action, and the Wa- 
ter impreſſed no Motion on the Oars towards the 
Parts H, when it was thruſt by the Oars the con- 
trary way, the Boat would ſtand ſtill, ſince there 
would be nothing that could force it towards the 
Parts H. But ſince the Water by its Re- action im- 


preſſes as great a Motion on the Boat ED, as it re- 


ceives itſelf from the Oars, it hence follows, the 
greater 


N 
D 
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greater the broad Ends of the Oars are, or the more 
they are in number, c@terts paribus, or alſo the ſwifter 
they are moved within the Water, the Boat will be 
carried wich a greater Impetus. 
HN CE ſince ſwimming is nothing elſe than 1 
rowing with the Hands and Feet, it may be eaſily 
underſtood, why by ſwimming within the Water we 
are moved forwards; namely, fince the Water is 
impelled back wards by the Palms of our Hands and 
the Soles of our Feet, that by its re- acting forces thoſe 
that ſwim towards the contrary parts: fo that the 
Motion generated in the Water, is equal to the Mo- 
tion wherewith the Swimmers proceed forwards. It 
is juſt the ſame thing in the flying of Birds; for as 
the Birds by their Wings bear the Air downwards, 
the Air by its Re- action raiſes them upwards ; and 
if they drive the Air towards the Eaſt, for example, 
the Re- action of the Air obliges them to tend to- 
wards the Weſt. So Gunpowder within a Cannon 
being fired rarcfies, and by its Force acts equally 
upon the Bullet and the Cannon out of which that 
Bullet is to be hurled: for the rarefied Air endes- 
vouring to expand itſelf every way, will equally prek 
the Cannon backwards, as the Bullet forwards, whence 
its elaſtick Force will produce equal Quantities of 
Motion in both; and by dividing theſe Quantities 
of Motion, as well by the Weight of the Engine as 
by the Weight of the Bullet, the Velocities thence 
ariſing will be recigrocally proportionable to the 
Weights. 
SINE all Bodies near the Superficies of the Earth 
gravitate towards the Earth, in like manner the 


Earth will gravitate towards each Body, and is at- 
tracted towards them; and the Motions generated 
by this Attraction wil] be equal, as well in the Earth, 
as in the heavy Bodies falling to the Earth: fo if a 
Stone by the Force of its Gravity falls downwards 
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to the Earth, the Earth in like manner will riſe to- 
wards the Stone; but ſince the Quantity of Matter 
in the Earth exceeds immenſely the Quantity of Mat- 
ter in the Stone, the Velocity of the Stone will ex- 
ceed immenſely the Velocity wherewith the Earth 
tends towards the Stone, ſo that (to ſpeak phyſical- 
ly) the Velocity of the Earth will be nothing: 
which will thus appear upon a Calculation. Let us 
ſuppoſe a Stone of an hundred folid Feet in magni- 
tude to fall to the Earth: the Space run over by the 
Stone in a Minute's time will be about fifteen Feet; 
but (according to their Accounts who have written 
concerning the Bigneſs of the Earth) the whole terra- 
queous Globe contains 30 000 000 000 000 000 000000 
ſolid Feet, Let us now ſuppoſe the Earth to be 
every where of the ſame denſity with common Stones, 


(tho? it is probable it is much more denſe) whence 
the Quantity of Matter in the Earth will be to the 
Quantity of Matter in the Stone of a hundred feet, 
as 300 O00 OOO OOO 000 000000 to f; and therefore 


whilſt the Stone by its Weight falls through the 


Space of fifteen Feet, the Earth will be drawn to- 


wards the Stone the — 


300 000 090 OOO 0090 000 


Parts of a 


Foot: which is ſo very ſmall a Quantity, as not to be 


conceived by the Imagination, and conſequently ma 
be neglected and eſteemed as nothing in Philoſophy 3; 
altho* ſpeaking geometrically, and according to Truth, 


we ought to ſay that the Earth advanced towards the 


Stone, and that both the Bodies mutually attracted 


each other. 


Ir the Moon by its Gravity is retained in its 


Orb, fo that it does not leave the Earth; that is, if 
the Moon gravitates towards the Earth, in like man- 


ner the Earth and all its Parts will gravitate towards 
the Moon: and hence ariſes the continual Flux and 
Reflux of the Sea, But this by the bye, for we ſhall 
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in another place explain more fully the Motions of 

"WEIL, © SR 
Ls: T ſuch a Ship be at reſt in the Water, as may 


be eaſily moved by any external Impulſe, yet no 
Force acting within that Ship, and ſolely contained 
in it, can communicate any Motion to it at all: for 
let GH be the Ship, and let any Machine, for ex- 


* 


awmple, the elaſtick or ſpringing Body AB C, which 
being violently ſtrained, will endeavoar to unbend 
itſelf, be placed within the Ship: © moreover, the 
Machine being compreſſed, the Side BC will ap- 
proach the Side AE; the Spring by its natural Ener- 
gy, or reſtoring Force, endeavouring equally to un- 
bend itſelf on both ſides, will equally impel the Ob- 
ſtacle DA towards G, and the Obſtacle, EF to- 
wards H : and therefore the Ship being impelled by 
theſe contrary and equal Motions, will not be moved 
at all. Juſt in the ſame manner, as if one ſtanding 
at the head of the Ship H, ſhould by a Rope draw 
to himſelf the Stern G; now the Rope being di- 
ſtended both ways, by its Endeavour to relax it felt, 
it will equally urge the Stern towards the Man that 
draws, and the Man towards the Stern; and ſince 
he is ſeated at the head of the Ship, in like manner 
the Head will be equally drawn towards the Stern: 
whence the two contrary and equal Motions will de- 
ſtroy each other, and conſequently no Motion at all 
will follow, 
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FRO M this Law may be demonſtrated the follow- 
ing Theorems. 


THE OR. XVII. 


Ir one Body ſtrikes againſt another that is either at reſt, 


or moving in the ſame Direction, but ſlower z the Sum 
of the Motions in b:th the Bodies towards the ſame 
Parts, will remain the ſame after the Stroke, as it 
was before that Stroke. 


LE the Body A move in the Direction CD from 

C towards D, and ler it ſtrike againft another Body 
B, that is either at reſt, or moves flower in the ſame 
| A. in | | f 5 1 | : — 
> K 9 F G 


Direction: I ſay, the Sum of the Motions in both 


Bodies towards the ſame Parts, namely, from C to— 


wards D, before and after the Stroke, will remain 


the ſame. Let CD exprefs the Motion of the Body 
A, and if the Body B moves, let the right Line EF 
repreſent its Motion towards the ſame Parts, and 
therefore the Sum of the Motions may be expreſſed 


by the Sum of the right Lines CD, EF. Now 


ſince Action and Re-action are always equa] and 
contrary, the equal Forces impreſſed towards con- 


trary Parts, will produce in both the Bodies equal 


Changes of Motion towards the contrary Parts: if 
therefore the Motion impreſſed on B by the Stroke 
of the Body A ſhall be repreſented by F G, the con- 


trary and equal Force acting on the Body A will 


take as much from its Motion made towards the 

fame Parts; ſo that by putting DK equal to F G, 

CK will be as the Motion of the Body A, and EG 

as the Motion of the Body B after the Stroke or 

Concourſe ; and therefore the Sum of the Motions 

1 725 will 
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will be as the Sum of the right Lines CK, EG; 
But ſince F G is equal to K D, if to both there he 
added E F and CK, then EG and C K will be equal 
to CD, EF: whence the Sum of the Motions to- 


wards the ſame Parts, will remain the ſame, both 
before and after the Stroke. If F G is equal to CD, 


A: E i 


FO f 8 3 1 
K2— b wn CY DOT i 1 
no D 1 


the Point K will coincide with C, and CK will be. 
come equal to nothing; whenee after the Stroke the 
Body A will be at reſt. But if FG is greater than 


A. B 5 OY 
— 2;;;ͥ̃ Tm. 
55 a 


CD, the Point K will fall beyond C, and the Mo- 
tion of A will become negative, or towards the con- 
trary Parts, viz. from C towards K ; and the Sum 
of the Motions towards the Parts G, will be as EG 
leſſened by CK: for the Sum of two Quantities, 
whereof one is poſitive, the other negative, is their 
difference. But becauſe FC K D, let EF CK 
be added to them both, and it will be EF + FG 
—CK: that is, EG-CK=KD+EF—CK, 
that is, EF4-CD: whence the Sum of the Mo- 
tions towards the ſame Parts, which is here the Dit- 
ference of the Motions towards the contrary Parts, 
before and after the Stroke, remains the fame. 
Q. E. D. 


Cor. Ar rE & the ſame manner, if more Bodies 


moving towards the ſame Parts ſtrike againſt one 


another, the Sum of their Motions will not be 
altered. 
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THE OR. XIX. 
Ir 1200 Bodies moving towards the contrary Parts, do di- 


reftly firike qgainſi each other ; the Sum of their Mo- 
tions towards the ſame Parts (which is the Difference 


of their Motions towards contrary Parts) before and 


after the Stroke, will always remain the ſame towards 
the ſame Parts. 


LE T the Body A move from C towards D, whoſe 


Motion let be expreſſed by CD; but let B be moved 


towards the contrary Part, namely from E to F, 


A_ 13 — — 
EK 2 x 


with a Motion as EF: let DH be put equal to E F; 
and CH, which is the Difference of the Motions to- 
wards the contrary Parts, will be as the Sum of the 
Motions towards G: I ſay, the ſame CH will be as the 
Sum of the Motions towards the ſame Part G after 
the Stroke, For let the Motion of the Body B after 


55 


the Stroke be towards the Part G, and let it be re- 


preſented by the right Line EG; the Force there- 


fore of Impulſe impreſſed on the Body B towards the 


Part G, will be equivalent to the Sum of the Mo- 
tions EF, E G, and will be repreſented by the right 


Line F G: for by that Force is deſtroyed the Mo- 


tion as EF, towards the Part F, and a new one as 
EG is impreſſed towards the contrary Part G. But 
ſince the Force of Impulſe acts equally on both Bo- 
dies towards the contrary Parts, if DK is made 
equal to F G, it will repreſent the Force exerciſed on 


the Body A towards the Part contrary to its Mo- 
tion; ſo that if the Motion as D K is ſubſtracted 


from the Motion as CD, there will remain CK as 
the true Motion of the Body A towards the Part G. 
Now 
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Now ſince DK is equal to F G, and DH equal to 
FE, it will be D K, leſſened by DH, that is, K H 
equal to F G, leſſened by FE, that is, EG: and 
therefore ſince K H is nil to EG, K H will be as 


the Motion of the Body B after the Stroke; but 


CK is as the Motion of the Body A, ſo that CK, 
K H, that is, C H will be the Sum of the Motions 
in both Bodies towards the Part G. 2, E. D. 

Ix ͤ FG is equal to CD, the Point K will fall on 
"on and then the Motion of A will become equal to 


0—— — — —— — 
* F 51 K T 


nothing; that is, the Body A after the Stroke will 
be at reſt, and CH will be equal to E G. But if 
FG is greater than CD, the Point K will fall be- 


A oy = 3 5 I 
'CH DEL 2 2 


yond C towards the other Part, and the Motion of 
the Body A will be from C towards K; but (by 
reaſon F 'G is equal to DK, and FE equal to DH) 
KH is equal to EG: and therefore if from both 
there be taken C K, it will be C H equal to the right 
Line E G, leſſened by CK. But CH was as the 
Sum of the Motions towards the Part G before the 
Stroke, and it is E G leſſened by C K, as the Sum 
of the Motions towards the ſame Part, namely, as 
the Difference of the Motions towards the contrary 
Parts after the Stroke, Wherefore the Sum of the 
Motions towards the ſame Part will remain the ſame 
before and after the Stroke. 


TRAESFE two laſt Theorems are both at once thus 


well expreſſed by Sir Iſaac Newton, N 
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THE Quantity of Motion, that is gathered by taking 
the Sum of the Motions made towards the ſame Part, and 
the Difference of thoſe made towards the contrary Parts, is 
not altered by the Action of Bodies among jt themſelves. 
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LECTURE XIII. 
Second Definitions. 


AN E Center of Gravity of any Body is Point 
placed within that Body, throveh which if a 


ballanced upon that Plane, will 2quipenderate, 


Hr Nc E, if a Body 1 is ſuſpended by its Center of 


Gravity, whatever Situation it is put into, it will re- 


tain it: viz, ſince the Parts of the Body every where 
about the Center conſiſt of equal Momenta, or haye 
equal Propenſities to Motion. | 


N. We call the common Center of Gravity of two Bodies, 


a Point ſo ſituated in the right Line joining their Cen- 
ters, that the Diſtances of the Bodies from that Point, 
are in a reciprocal Ratio of the Bodies. 


Lr there be two Bodies A, B. whoſe Centers of 
Gravity let be joined by the right Line AB; which 
let be fo divided in C, that Ae be to B C: as the 
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Body B, that is, the Matter of Bis to the Body A, 
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Center of Gravity of the Bodies A and B: namely, 
becauſe if thoſe Bodies are turned about that Point, ar 
the ſame Diſtances from it, they will retain any given 
Situation, (as was demonſtrated in Theor. 11.) 


III. In like manner, if there are three Bodies A, B, D, 
and C be the Center of Gravity of two of them, A andB, 
and the right Line CD be ſo divided in E, that CE 


1 — — 0 


15 to DE as the Weight of the Body D to the Weight 
_ the two Bodies A and B together, that Point E, is called 
the common Center of Gravity of theſe three Bodiei; 
about which alſo if the Bodies are turned, they will n. 
| tain any given Situation. 
IV. Ar ER the ſame manner, if there are four Bodin 
A, B, D, F, and E is the common Center of Gravi. 
SL * 2. EI. = We 
ty of the three A, B, D; the Point G, which ſo di 
vides the right Line EF, that EGis 1 G F as th 
Weight of the Body F to the Weight of the Bodi. 
A, B, D, taken together, is called the common Cen. 
ter of Gravity of theſe four Bodies. 


Ax p after the ſame manner the common Center ol 
Gravity of five or more Bodies may be determined. 


V. Ons Body is ſaid to tirike or impinge directly on ant 
ther, when the right Line, in which it, moves, draw 
through the Center of Gravity of the impinging Bud) 
and the Point of Contact, is perpendicular to the Super: 
ficies of the Body that receives the Stroke; or, if tit 
Bodies do not touch one another in a Point, but in a Lin 
or a Superficies, when that Line is perpendicular to fbi 
Line or Superficies. 4 
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VI. Bu T it is ſaid to ftrike or impinge obliquely or indi- 
reftly on the other, oben the before- mentioned right Line 
is not perpendicular to the Superficies of the Body that 
receives the Stroke. 

VII. I CALL that a perfectly hard Body, which does 
not yield in the leaſt to a Strote; that is, which does 

_ not loſe its Figure for a Moment. | 

VIII. THAT is a ſoft Body, which ſo yields to a Stroke, 
as to loſe its firſt Figure, and never to endeavour to 

recover it again. 7 

IX. THAT is an elaſtick Body, which yields indeed for 
a little while to a Stroke, yet of its own aceord does re- 
cover its firſt Figure, „„ RN ug 

X. AN elaſtick Fires is that Force, whereby a Body ob- 
liged to quit its Figure, recovers it again; 

XI. APERFECTLY elaſtick Body is ſuch a one, as 
recovers its firſt Figure with the ſame Forces whereby 
it was obliged to quit it. 

IT REOR; XX. 

Ir two or more Bodies are carried by an equable Motion to- 
wards the ſame or contrary Parts, their common Center 
of Gravity before their mutual Concourſe will either be 
at reſt, or will move uniformly in a right Line. 


The firſt Caſe. Lt T the Bodies A and B tend to. 
wards contrary Parts, whoſe common Center of Gra- 


O & Env, 
vity let be C. By reaſon of the equal uantity of 


Motion in both Bodies, the Velocity of the Body A 
"ill be to the Velocity of the Body B, as the Body 
Bro the Body A; that is, (from the Nature of the 
Center of Gravity) as AC to BC: whence, the 
Spaces paſſed over in the ſame Time being propor- 
orable to the Velocities, whilſt the moving Body A 

| M 2 runs 
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runs through the Length AC, the Length BC wil 
be run through by the moving Body B; ſo that the 
Bodies will mect in the Point C, and in that Point 
will be their Center of Gravity at the time of their 
Concourſe: but it was in the ſame Point before the 


Concourſe, fo that it remained in the ſame place. 


I T may be ſhewn, after the fame manner, that if 
the Bodies receded from the Point C with equal 
Motions, their Center of Gravity would have been 
at reit. 

Jbe ſecond Caſe, I r Bodies are carried in the ſame 
right Line towards the ſame Part, or with unequal 
Motions towards contrary Parts, their common Cen- 
ter of Gravity will be always found in the ſame right 


Line. For ſince the Bodies do uniformly and directly 
recede from one another, or approach one another, 


their Diſtance from one another will be uniformly in. 
creaſed or diminiſhed ; and therefore the Bodies 
will uniformly recede from, or approach to an 


Point, dividing the aforeſaid Diſtance in a given 


Ratio. The Diſtance therefore of the Bodies from 
their common Center of Gravity will be uniform) 
increaſed or diminiſhed; which cannot be in the + 
foreſaid Caſes, unleſs that Center is either at reſt, (a 


in the firſt Caſe) or moves uniformly, as in the pre 


ſent Caſe, 

The third Caſe, LET the Bodies A and B move 
in the right Lines AC, BD; and let the Space 
AC, CE paſſed over by the Body A in equal Times, 


be equal; and the Spaces BD, DF, paſſed over b) 
the Body Bin the ſame Times, be allo equal, Let 


the inks Lines A C, BD, meet in G; and let it be 
as AC to BD ſo is AG to GH, and join A H; to 


which through C and E let CI, E K, be drawn pa- 
rallel: it will be ACto HI as A G to GH, that b, 


as AC to BD; wherefore HI is = BD, and there- 


fore HB=I D. In like manner, CE isto IK, as Ab 
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to GH, or AC to BD, that is, as CE to DF; 
wherefore IK is =DF, whence KF ID HB. 
Let L be the common Center of Gravity of the Bo- 
dies, when they are placed in the Points A and B; 
draw L M parallel to BD; the right Lines A B, AH, 
will be cut ſimilarly: join G M, and let it be pro- 
duced; this will cut the Parallels to A H in the 
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Points N and O; viz. in the ſame Ratio as AH 
or AB is cut. Draw through N and O, parallel to 
B D, the right Lines NP, OQ ; theſe will cut CD, 
EF, in the ſame Ratio as CI, E K, are cut, that is, 
n the ſame Ratio as AB is cut in L: but L is the 
common Center of Gravity of the Bodies when they 
are found in A and B; wherefore P will be their 
Center, when they are in the Points C and D, and 
when in E and F. Beſides, ML is to HB as 


AM to AH, or as CN to CI, or as NP toID: 
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_ equal Times. 
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vity of the Bodies is a right Line. 


An Introduction tn 
but HB and ID are equal; wherefore ML. and 


NP will be equal: in like manner, NP and O 75 
P, 


be equal. Since therefore the right Lines ML, 
O Q. are equal and parallel, the right Line drawn 
through L, and parallel to MO, will paſs through 


the Points Pand Q, and therefore the Center of Gra. 


vity will be always placed in the right Line LO. 
Beſides, (by reaſon of the Parallels) A C is to CE as 
MN to NO, that is, as LP to PQ; wherefore (by 
reaſon A C is: CE) it will be LP=PQ. There. 
fore the common Center of Gravity of Bodies is always 
in the ſame right Line, and paſſes over equal Spaces in 
9. . B | 

The fourth Caſe. Ir the Bodies do not move in any 
one, but in different Planes, their Ways, and the 
Way of their common Center of Gravity mult be re- 
duced to the ſame Plane, by letting fall from every 


Point of the Ways, Perpendiculars upon any Plane ; 


and (after the ſame manner as in the preceding Caſe) 
it will be demonſtrated, that the Way of the Center 


of Gravity thus reduced, will be a right Line: and 


ſince this is in any Plane aſſumed at pleaſure, it is 
neceſſary that this Way or Path of the Center of Gra- 
. D. 

Ix like manner, the common Center of theſe two 
Bodies, and any third one, is either at reſt, or moves 
uniformly in a right Line, by reaſon the Diſtance of 


the common Center of Gravity of the two Bodies, and 


the Center of the third; is divided by it in a given Ra- 
tio. And after the ſamie manner the common Center 


of theſe three Bodies, and a fourth, either is at reſt, 


or moves in a right Line, by reaſon the Diſtance be- 
twixt the common Center of the three, and the Cen- 


ter of the fourth Body, is divided by it always in the 


ſame Ratio; and ſo of any other number of Bodies. 
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THEO R. XXI. 


Ir two Bodies, whether equal or unequal, are carried to- 
wards the ſame Part, with Celerities whether equal or 
unequal, the Sum of the Motions in both Bodies will 
he equal to the Motion that would ariſe, if both the 
Bodies were carried with the Celerity of their common 
Center of Gravity. 


Lu T the two Bodies be A and B, whoſe common 
Center of Gravity let be C, and let both the Bodies 
be carried towards D; I ſay, the Sum of the Mo- 
tions in both Bodies will be equal to the Motion 


nn... 8 3 
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that would be produced, if both Bodies were carried 
towards D with the Celerity of their Center of Gra- 
vity C. For let the Body A in any given Time de- 
ſcribe the Length A a, the Body B the Length Bb, 
and in the mean while let the Way paſſed over by 
the Center of Gravity C be CG; and [by Theor, 6.] 
the Lengths Aa, Bb, CG, deſcribed in the ſame 
Time, will repreſent the Celerities of the Body A, 
the Body B, and the common Center of Gravity C 
reſpectively ; but [by Corol. Theor. 3.] the Quantity 
of Motion in any Body is as a Rectangle contained 
under the Quantity of Matter and the Celerity, ſo 
that the Motion in the Body A will be as AX Aa; 
and in the Body B as BBU; and the Sum of the 
Motions will be as the Sums of theſe Rectangles, viz. 
8AxAa+BxBb. But [by the Def. of the Cen- 
ter of Gravity of Bodies] BC isto AC as AtoB; 
and as A to B, ſo alſo [by the ſame Definition] is 
to aG: wherefore BC will be to AC asbG to 
aG; whence [by 19 El. 5.] BCisto AC, that is, 
A to B, as B C- G to AC—aG; that is, as CG 
NI 4 —B * 
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—Bb to A«—CG. So that [by 16 El. 6.] Ax Ag 


—AxCG will be equal to BX C G -B BV; and 


therefore Ax Aa + BxBb will be equal to Ax CG 
+ BxCG: but the two Rectangles AxAa and 
BBC are (as has been ſaid) as the Sums of the 
Motions in both the Bodies: and the two ReCtan- 
gles under A and CG, and under Band CG, wil 
be as the Sum of the Motions that would ariſe, if 
both the Bodies were carried with the Celerity CG 
of the Center of Gravity: whence the Sum of the 
Motions in both Bodies is equal to the Motion that 
would be produced, if both Bodies were carried with 


the Celerity of their common Center of Gravity, 


I there are three Bodies A, B, D, carried towards 
the ſame Part, let E be the common Center of Gra- 
vity of theſe three Bodies; the Sum of the Motion; 
in the three Bodies will be equal to the Motion ar- 
ſing from the ſame Bodies carried with the Velocity 


S— {erent 
of the Point E. For let C be the common Center of 
Gravity of any two Bodies A and B, the Motion in 
theſe two Bodies {by what has been demonſtrated 
before) will be equal to the Motion that would 
ariſe, if the Bodies coaleſced in one were carried 
with the Velocity of the Point C ; but alſo the Sum 
of the Motions (viz. the Motion of the Bodies fo 
coaleſcing, and the Motion of the third Body D 
will be equal to the Motion which would happen, 


if the Body coaleſcing out of the two was moved to- 


gether with the third Body D, with the Celerity ol 
the Point E ; whence the Theorem holds alſo in th 
„ | TIRE 


ro 


Tur Demonſtration is the fame, if the Bodies do 
not move in the ſame right Line, but in Parallels, 7 
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alſo in Lines any how inclined. But in this Caſe it 
muſt be obſerved, that the Celerity of the Bodies, 
wherewith they are carried towards the ſame Part 
with the Center of Gravity, is not to be reckoned 
by the Way which they really paſs over, but only by 
the Way wherein they move according to the Di- 
rect ion of the Center of Gravity. For example, if 

two Bodies A and B are carried in the right Lines 
Aa, Bb, and CG is the Line deſcribed by the com- 
mon Center of Gravity, whilſt the Bodies paſs over 
the Lengths A a, Bb, and from the Points A, a, B, 6, 
let fall the Perpendiculars AF, ag, BH, „K upon 
the right Line CG. Now the Spaces which the 
Bodies paſs over according to the Direction of the 


B 


Point C, are not Aa, Bb, which are the abſolute 
Spaces deſcribed by them; but the Space according 
to which the Body A is moved towards the Part D, 
muſt be computed in the right Line FD, by the 
Length Fg; for it moves ſo much, and no more, 
according to the Direction of the Point C. In like 
manner, the Space according to which the Body B is 


moved towards the Part D, s HK ; and by that 


Space, its Progreſs in the right Line HD is to be 
reckoned: ſo that the Celerities of the Bodies where- 
are as 

the 
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wherefore it will be as BC to AC, ſob G to 4G. 
So that [by 19 El. 5.] BC will be to AC, that is, 


1 70 An Introduction to ; l 


the right Lines Fg, HK; beſides, A is to B as BC whence 
to AC, or (by reaſon of the equi- angular Triangle: BC 
ACE, BC H) as HC to FC: whence the Demon- ÞÞ the Dil 
{tration will proceed as in the firſt Caſe. Parts, 


THE OR. XXII. and A 
5 both t 


Ir two Bodies are carried towards contrary Parts, th of thei 


Difference of the Motions towards the contrary Parts, 


f politic 
or, which is the ſame thing, the Sum of the Motion; Cor 
towards the ſame Part, will be equal to the Motion that I the cc 


would be produced, if both the Bodies were carried t. both t 


\ wards the ſame Part with the Celerity of the comma the co 
Center of Gravity. Reſt. 

1 Cor 

Lex the Bodies be A and B, whoſe Center of Gra. ried te 

vity let be the Point C, and let the Body A move from trary 


A towards D, and the Body B towards the contrary MW the fa 


Fart from B towards E; let the Spaces deſcribed by towar 


the Bodies A, B, and Center C in the ſame Time, be 


mon 
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Aa, Bb, CG: theſe [by Theor. 6.] will repreſent ny 
the Velocities of the Body A, the Body B, and Cen- . 
ter of Gravity C reſpectively ; whence the Motion of I es 
the Body A is as AxA 2, and the Motion of the Ml 8 
Body Bas BB, fo that the Difference of the 


Motions will be Ax AA — BxBb. Moreover, Ir B 
from the Nature of the Center of Gravity, BC is to ca 


A Cas AtoB; and as A to B, ſo will be? G to 46: of 


A to B as BC - G toA C- 42G; that is, A will Tp 
be to Bas B CB to Aa — CG, wherefore [by the | 
16 El. 6.] the Rectangle under A and A a — CG will J will 


be equal to the Rectangle under B and Bb + CG; by 
that is, AxAa—Ax COG=BxBb+BxCG: fore 
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whence it will be A AA —BxBb =AxCG +. 
BCG; but Ax AA Bx Bis (as was ſaid before) 
the Difference of the Motions towards the contrary 
Parts, or the Sum of the Motions towards the ſame, 
and Ax CG + BxCG is the Motion emerging, if 
both the Bodies ſhould be carried with the Velocity 
of their common Center of Gravity, whence the Pro- 
poſition is manifeſt. 5 
Cor. 1. Ir the Difference of the Motions towards 
the contrary Parts is equal to nothing, that is, if in 
both the Bodies the Quantities of Motion are equal, 
the common Center of Gravity in this Caſe will he at 
Reſt. 
Cor. 2. Ir there are ſeveral Bodies, either all car- 
ried towards the ſame Parts, or ſome towards the con- 
trary Parts; the Sum of the Motions of all towards 
the ſame Parts will be the ſame, as if all were carried 
towards the fame Part with the Velocity of the com- 


mon Center of Gravity of them all, : 
Cor. 3. Tram Motion therefore of many Bodies is 
to be reckoned from the Motion of the Center of 
Gravity, and their Syſtem will proceed forwards, or 
go backwards, aſcend or deſcend as much, as their 
common Center of Gravity proceeds forwards, or 
goes backwards, aſcends, or deſcends, | 


THEOR. XXIII. | 
Ir Bodies impinge on one another, or do att any way upou 
each other, the State of their common Center of Gravity 
of being at reſt, or moving. uniformly in a right Line, 
will not be thereby changed. 


Ir the Bodies impinge on one another,[by Theor. 19.]. 
the Sum of the Motions towards the ſame Part 
will be the ſame before and after the Impulſe ; but 
[by Theor. 21, and 22.] the Sum of the Motions be- 
fore and after the Impulſe is the fame, as if all the 

Bodies 
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Bodies were carried with the Velocity of the common 
Center of Gravity, and towards the ſame Part with it. 
Wherefore, ſince the fame Bodies have the Sums of 
their Motions before and after the Impulſe equal to 
each other, and alſo equal ro the Motion ariſing from 
all carried together with the Velocity of the common 
Center of Gravity: it is manifeſt, that the Velocity of 
the common Center of Gravity before and after the 
Impulſe will be the ſame. Q, E. D. 

Wix have hitherto delivered ſome general Laws, 
| ſerving to determine the Motions of Bodies of al 
kinds; we ſhall now proceed to give ſome particular 
Rules relating to their meeting each other, viz. where- 
by each Body, after the Concourſe, and mutually 
ſtriking againſt one another, do continue their Mo- 
tions, and towards what Parts they tend, and with 
what Velocity. But by reaſon of the different Struc- 
ture of Bodies, viz. as ſome are endued with an ela- 
ſtick Force, whilſt others want that Force, the Rules 
of their Concourſe will be different according to the 
various Sorts of Bodies: and tho? perhaps there is no 
Body that is either perfectly hard, or perfectly ſoft, 
or perfectly elaſtick, (for haply all Bodies contain 
ſomething of all theſe in themſelves) yet it does not 
hinder, but that we may, by an Abſtraction of the 
Mind, ſeparate thoſe Qualities, and conſider a Body 
as only endued with one of theſe Qualities: and the 
Motions of Bodies will come the nearer to the Rules 
hereafter given, the more the Bodies themſelves par- 
take of thoſe Qualities and Conditions, 

Wr here ſuppoſe the Bodies to be ſo ſeparated 
from all others, that their Motions are neither hin- 
dered or promoted by ſuch as may lie round about 
them, 
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, ,, 

Ir a hard or ſoft Body directly imninges or ſtrikes upon 
another hard or ſaft Body, whether the Body that re- 
ceives the Stroke, is either at reſt, or moves ſlower to- 
wards the ſame Part with the other, or laſtly towards 
the contrary Parts, and the Mctions are unequal, both 
Bodies after the Stroke will move together conointly with 
the common Center of Gravity. 1 85 


Le the Body A impinge on the Body B, which is 
either at Reſt, or moves ſlower towards the ſame Part, 
or is carried towards the contrary Parts with a leſs 
ER CHE 111 DDS o 
— — — 

Motion; I ſay, that both the Bodies after the Im- 
pulſe, will move with the ſame Celerity, conjointly 
with the common Center of Gravity. For ſince the 
Body B is not hindered by the circumjacent Bodies, 
(by the ſecond Law) it will move by the Force im- 
preſſed on it by the Body A, towards the Parts, 
wherein is the Direction of that Force; but it will 
alſo be moved conjointly with the Body A: For it 
cannot move flower, by reaſon the Body A follows 
immediately behind it; and it cannot move faſter, be- 
cauſe by Hypotheſis there is given no other impelling 
Cauſe of its Motion beſides the Body A; ſince we 
ſuppoſe all others, as an elaſtick Force, and an am- 
bient Fluid, to have here no Influence: ſo that, after 
the Concourſe, both the Bodies and the common 
Center of Gravity will move conjointly together. 

Cor. Ir the Bodies are ſuppoſed to concur in D, 
ſince the Velocities of moving Bodies are as the 


Spaces deſcribed in the ſame Time, the Velocities of 


the Body A, the Body B, and the Center of Gravity 


8 
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C, will be before the Concourſe, as the right Ling 


AD, BD, CD reſpectively; for theſe Lengths ar 
paſſed over in the fame Time. | | 


PROBL HW. 
T o determine the Motions of hard or foft Bodies aft 
their direct Impatt or Stroke: 


Wr ſhall conſtruct all the Caſes of this Problen 
at once. Let therefore A and B be two Bodies, 
whoſe Center of Gravity let be C, and let us ſup 
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poſe the Bodies to meet in D, the Celerities of the 
Body A, of the Body B, and of the common Center 
of Gravity C, before the Stroke, will be [by the 
preceding Corol.] as the right Lines AD, B D, and 
CD reſpectively. Let now DE be made equal to 
DC, this will repreſent the Velocity of the mo 
3 ter 
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after their Concourſe; that is, the Velocity of the 
Body A before the Impulſe will be to its Velocity at- 
ter the Impulſe as AD to DE: and the Velocity of 
the Body before the Stroke, will be toits Velocity 
after the Stroke, as BD to DE: for [by Theor. 19.] 
the Bodies A and B after the Impulſe move on toge- 
ther with the Center of Gravity; but [by Theor. 18.] 
the Celerity of the Center of Grevity will be the ſame 
both before and after the Impulſe, and always towards 
the fame Part. Wherefore if CD repreſents its Ve- 
locity before the Impulſe, D E equal to CD will ex- 
preſs its Velocity after the Impulſe ; ſo that DE will 
alſo repreſent the Celerity of the Bodies A and B, 
which after the Impulſe move together with the Center 
„ß . 
Cor. 1. Ir the Body B is at reſt, the Point D co- 
incides with B, as in the firſt Figure; and becauſe B 
i; to A, as A C to BC, or DE, by Compoſition it 


will be A B 8 AB or A D to DE; that 


is, the Velocity of the Body A before the Stroke is to 
its Velocity after the Stroke, as the Sum of the Bodies 
to the impinging Body A. 

Example 1. Ir A is equal to the quieſcent Body B. 
it will be A+B to A as 2 to 1; fo that the Velocity 
of the impinging Body will be double its Velocity at- 
ter the Concourſe. 

Example 2. IF A is to Bas 1 to q, it will be A -B 
o Aas 10 to 1; fo that the Velocity after the Im- 
pulſe will be only the tenth part of the Velocity be- 
fore the Impulſe. 

Example 3. Ir B is a Body that exceeds A infinite- 
ly, the Velocity of the Body A, after the Impulſe, 
will be infinitely ſmall, that is, none at all; for in that 
Caſe, A inweſpect of AL+B vaniſhes, and therefore 
the Velocity of the Body A after the Concourſe like- 
wiſe vaniſhes : that is, if the Body A impinges on a 
firm and immovcable Obſtacle, after the Stroke it will 
be at reſt. Ex- 
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Example 4. Ir the Body B is equal to A, and 
moves ſlower in the ſame Direction, DE or CD will 


6 Lip 
es e 


that is, the Velocity after the Impulſe will be half the 
Sum of the firſt Velocities. 
Example 5. Ir the Bodies tend towards the ſame 
Parts with equal Motions, the Point D will coincide 
with C, as was demonſtrated in Theor. 20. and CD, 
DE, will be equal to nothing, that is, both the Bo- 
dies, will be at reſt, after their Concourſe. OR, 
Cor. 2. HEN C E the Law of the Carteſians is de. 
monſtrated to be falſe, whereby they contend that 
there is always preſerved the ſame Quantity of Motion 
in the Univerſe: for Bodies which are not elaſtick, 
meeting each other from contrary Parts with the 
ſame Motions, mutually deſtroy each other's Mo- 
tions. „ 
Example 6. Ir equal Bodies tend towards contrary 
Parts with unequal Motions, it will be DE or CD 
3 AB AB — 2 B D 
CB — BD —— 


AD — BD 


2 2 


that is, the Velocity after the Impulſe 


will be half the Difference of the firſt Velocities. 

ALL theſe things eaſily flow from the Conſtruction 
above ; bur ſince in Practice there is occaſion for a 
Calculation, a general Solution of this Problem may 
be thus diſcovered by Calculation. Es 

LE T the Velocity of the Body A be called C, and 
the Velocity of the Body B bec; and if che Bodies 
are moved according to the ſame Direction, the Sum 
of the Motions in both towards the ſame Part wil 
be AC Bc: but if they are moved towards con- 
trary Parts, the Sum of their Motions towards the 


ſame Part will be AC - Bc; but [by Theor. 19: 


AB + 2 BD AD ＋ BD; 
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in all Bodies, the Sum of their Motions towards the 


ſame Part before and aſter the Impulſe is the ſame: 
wherefore the Motion of the Bodies after the Im- 
pulſe will be either AC Be or AC - Be, accor- 
dingly as the Bodies did tend towards the ſame or 
contrary Parts. There is therefore given the Mo- 
mentum of the Bodies carried with the ſame Velo- 
city, whence [by what has been ſaid in Lect. X. 
their Velocity will be likewiſe known; namely, if 
5 1 18 r by the Bodies them- 
elves, the Quotient will exhibit their Veloci 2 
n ” os elocites, viz. 
LIE” n and if B is at reſt, that is, 


if e be put equal to nothing, the Velocity of the Bo- 


Cor. 3. SINCE the Velocity of the Body A before 
the [Impulſe was as A D, and after the Impulſe its 
Velocity was as C D, the Velocity loſt will be AC, 
and therefore the Motion loſt by the Stroke A x A C. 


THEOR. XXV. 


Ir a moving Body ſtrikes directly againſt another either 
in motion or at reſt ; the Magnitude of the Siroke is pro- 
portionable to the Momentum that is loſt at the Concourſe 
by the more powerful Body, whichever of them il is. 


For if we ſuppoſe the more powerful Body, 
(whichever it is) or if they have equal Momenta, 
either of the Bodies, to be that which gives the 
Stroke, and the other that which receives it; the 
Magnitude of the Stroke will be equivalent to the 
Force impreſſed by the firſt on the other: where- 
fore that Force impreſſed departs from the percu- 
tient Body, [by the third Law] fo that the Motion 
loſt in the percutient — will be proportionable to 

| | | the 
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the Force impreſſed on the other Body, and conf. 


quently to the Magnitude of the Stroke. ©, E. D. 


Cor. WHERE the Momenta are equal that de. 


part from the percutient Bodies, there the Magni. 
tudes of the Strokes will be equal. 


THEOR. XXVI. 


Ir & given Body diretily impinges on another given Bi 


at reſt, the Magnitude of the Stroke will be always pri 
portionable to the Velocity of the impinging Body. 

LE the given Body A impinge on another gira 

Body B that is at reſt, with a Velocity which may 


be expreſſed by A B. Afterwards let the ſame Body 


A impinge on the ſame quieſcent Body B, with ano. 


Ao — — ——0 
52 ——— ——— 


ther Velocity DE ; that is, let AB be to DE asthe 
former Velocity to the latter, and let the Diſtancs 
of the Bodies be AB, DE: for whatever is th 
Diſtance at the beginning of Motion, it is the fant 


thing in reſpect to the Magnitude of the Stroke: 


and let the common Center of Gravity in the fir 


Situation be C, in the ſecond G. Since the Body 4 


is moved with the Velocity A B, its Velocity att 
the Concourſe will be CB; and fince its Motion 
before the Impulſe was A x AB, its Motion afte 
the Impulſe will be A x CB; and the Motion {ol 
will be Ax AC. After the ſame manner, if tit 


Body is moved with the Velocity DE, the Motio! 
loſt will be Ax DG; and conſequently, the Mas: 


nitude of the Stroke with the Velocity A B will be 
to the Magnitude of the Stroke with the Velocity 
DE, as Ax AC to Ax DG, or as AC to DG 
but becauſe it is AC to BCas B to A, it wil 
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A C to AC BC, that is, AB, as B to AB; 
and in like manner, it will be B to AB as DG 
to DE. Wherefore it will be AC to AB, as DG 
to DE, whence by permutation it will be AC to 
DG as AB to DE; that is, the Magnitude of the 
Stroke with the Velocity A B, will be to the Mag- 
nitude of the Stroke with the Velocity DE, as the 
Velocity AB to the Velocity DE. 2. E. D. 

Cor. Ir the Body A ſhould ruſh on B, the Motion 
loſt would be as Ax AC; but if B ſhould impinge 
on A with the ſame Velocity, the Motion loſt would 


P, 
—0 


5 C 
— 


— — 


be as BNB C; but becauſe A is to Bas B C to AC, 
it will be Ax A CS = BNB C: lo that the Quantity 
of Motion loſt by the Stroke, will be the ſame, whe- 


| ther B impinges on A with a given Celerity, or A 


with the ſame Velocity ſtrikes againſt B ; and conſe- 
quently in both Caſes the Magnitude of the Stroke 
will be the ſame. | 
THEOR. XVI. | 155 
Ir one Body ſhould impinge on another Body moving flower, 
but in the ſame right Line and towards the |: 510 Part, 
the Magnitude of the Stroke would be the ſame, as if 
the antecedent Body was at reſt, and the follo<:ng Body 
was carried towards it with a Velocity equal to he Dif- 
ference of their Velocities. 
LET the two Bodies carried towards the ſame 
Part be A and B, whoſe common Center of Gravity 
let be C, and let the Point of their Concourſe be D; 


. ͤ I JAB. , 


from what has been delivered above, the Velocities 
of the Bodies before the Impulſe will be as the right 
| | N 2 Lines 
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Lines AD, BD, and conſequently the Difference of 
their Velocities will be as A B: but the Velocity of 
both the Bodies after their Concourſe will be repre. 
ſented by CD, and conſequently the Motion loſt in 


the Body A will be A A C. But if the Body A 
ſhould * with the Velocity A B on the quieſcent 
Body B, its Velocity after the Concourſe would be 
CB, and its Motion loſt A AC: whence ſince in 
both Caſes the ſame Quantity of Motion is loſt in the 
percutient Body, the Magnitude of the Stroke will be 
alſo the ſame, 2, E. D. „ | 
Cor. Ir the Difference of Velocities remains the 
ſame, that is, the reſpective Velocity whereby Bodies 
approach each other, however their Sum 1s increaſed 
or diminiſhed, the Magnitude of the Stroke will be 
always the ſame. . „ 
THEO R. XXVIII. 
Ir two Bodies meet each other with contrary Motions, the 
Magnitude of the Stroke will be the ſame, as if one 
them was at reſt, and the other impinged on it with the 
Sum of their Velocities. nn, | 
LET A and B be two Bodies carried towards con- 
trary Parts, whoſe common Center of Gravity let be 
C, and let D be the Point where they concur; it's 
Plain that the Velocities of the Bodies A and B are 


as the right Lines AD, BD; and conſequently the 
d JS 


Sum of the Velocities will be repreſented by AB; 
but CD expreſſes their Velocity after the Impulſe, 
and therefore the Motion loſt in the Body A will be 
Ax AC. But if A ſhould impinge on Beat reſt, with 
the Velocity AB; the Velocity after the Concourſe 
would be as CB, and the Motion loſt as Ax AC 
Since therefore in both Caſes the ſame Quantity of 
Motion is loſt, the Magnitude of the Stroke will be 


the ſame. Q. E. D Cor, 
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Cor. 1. Ir therefore the Sum of the Velocities re- 
mains the ſame ; that is, the reſpeCtive Velocity of the 
Bodies A and B, wherewith they approach each other, 
whatever is the Difference of Velocities, or after what 
manner ſoever that Velocity is ſhared amongſt the 
meeting Bodies, the Magnitude of the Stroke will be 
always the ſame. EE 
Cor. 2. THE Magnitude therefore of the Stroke in 
given Bodies is always proportionable to their reſpec- 
tive Velocities. 2 

Cor. 3. T 1 x Motions of Bodies incloſed in a Space 
are the ſame amongſt one another, whether that Space 
; at reſt, or moves uniformly and directly on; for 
the Differences of Velocities, wherewith Bodies tend 
towards the ſame Part, and the Sums, wherewith 


they tend towards the contrary Parts, are the ſame, 
whether the Space, in which they are incloſed, is at 
reſt, or moves uniformly forwards: and therefore the 


Magnitudes of the Strokes being always proportionable 
to theſe, will be the ſame in both Caſes. Hence all 


the Motions within a Ship are performed in the ſame 


manner, whether it is at reſt, or is moved uniformly 
forwards. So alſo the Phenomena of Projectiles and 
Percuſſions do all happen juſt the ſame amongſt us 
placed upen the Earth, whether they are all toge- 


ther with the Earth in one common Motion, or there 


; no ſuch common Motion, and the Earth is at reſt; 
ſo that the Objections that are wont to be brought 
from the Inequality that ought to be in Projectiles 


not mov'd by the ſame Force, accordingly as they are 


made towards the Eaſt or towards the Weſt, and 
from the unequal Percuſſions made by a Bullet hurled 
by a Cannon, as the Exploſion is performed towards 
this or that part, and the like, prove nothing on ei- 
ther ſide, whether to eſtabliſſi the Reſt or the Motion 
of the Earth. 
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LECTURE XIV. 


P > there were no ſuch thing as Elaſticity, the 
& Laws, which we have propoſed in the pre. 
ceding Lecture, relating to the Percufſions 
of hard Bodies, would perfectly agree to al 
Bodies, and all Bodics after the Impulſe would tend 
conjointly towards the ſame Parts, towards which, be 
fore the Percuſſion, the more powerful Body did tend, 
that is, the Body whoſe Momentum was the greateſt; 
and with the Velocity that we determined in the be. 
fore mentioned Laws, But ſince there are indeed very 
few Bodies, wherein there is not ſome degree of E. 
laſticity, (for ſoft Clay, Wax, and the like Bodies 
contain in themſelves ſome Particles of Air, which 
gives them ſome Elaſtick Virtue) it happens by thut 
Elaſtick Force, that Bodies after their Impulſe do not 
move conjointly together, but fly from one another, 
and are moved with a different Velocity, fometims 
towards the fame, and ſometimes towards the con 
trary Parts. But in order to underſtand the Mod's 
and Cauſe of this Rebounding in Bodies, we will i 
luſtrate the thing by an Example. 
LET AB be a String extended over a Plane, but 
at ſome Diſtance from it, whok 
Extremities AB let be firm) 
fixed, and the String itſelf very 
much ſtretched: Now if dhe 
String be drawn by its middle 
Point D, its Extremities e. 


maining immoveable, into tt 
Situation ACB, fo that I 
Point D ſhall be in C, and then 
be let go, the String will no 
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remain in the Situation A CB, but with a great 
Force will endeavour to reſtore itſelf to its for- 


mer Situation: and fince by the continual Action 
of the Elaſtick Force a ſufficiently ſwift Motion 
| is raiſed in the String, it will happen that when 


it ſhall arrive into its Situation A DB, it will in 
its Motion perſevere towards the ſame Part, till 
the Elaſtick or Reſtoring Force, conſtantly reſiſting 
this farther Motion, and at length equalling it, ſhall 
deſtroy 1t, and urge or compel the String towards 
the Parts C; ſo that when it ſhall again arrive into 
the Situation ADB, it will have the ſame Force of 
moving farther towards C, as it had at firſt of tend- 
ing towards the Parts E: and ſo by moving back- 
wards and torwards, it will make continual Vibra- 
tions. ä 
Lr us now ſuppoſe the Body F to ſtrike againſt 
the String A B, the String will be then compelled to 
quit its Situation through the Force exerted on it by 
the Body F; and its Point D, on which the Body F 


gave the Stroke, will be moved, together with F, 


towards C: which Motion will continue even till the 
reſtoring Power of the String, which is contrary to 
the Motion of F, ſhall be equal to that Motion; 
which as ſoon as it is, all the Motion towards C 
will be deſtroyed. But this elaſtick Force acting far- 
ther, will bring back the String, which therefore 


will compel the Body F, and move it along with it 
with the ſame Velocity. But (by reaſon we ſuppoſe 


the Tenſion of the String to be very great) the String 


will reſtore itſelf with the ſame Force, wherewith it 


was firſt inflected: now the Force wherewith it was 
inflected, was equivalent to the Momentum of the 
impinging Body, (for that was all ſpent in bending 
the String) ſo that the String by acting on the Body 
F with ſuch a Force, will reſtore to it the ſame 
Quantity of Motion, as was ſpent ia bending it; and 
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therefore the Body F will be ſent back with the ſame ve. 

locity that it came forwards with, and ſo a Reflection 

will be c:caſioned, 

Lex us now put, inſtead of a String, any elaſtick 
Body AB, which at firſt we ſhall ſuppoſe fixed and 

immoveable, and let its Superficies A DB be preſſed 


C. 
. 
| — 

inwards by the Force of the Body F ſtriking againſt 
it. As ſoon as the compreſſing Force, that is, the 
Motion of the Body F ſhall ceaſe, the ſpringing Body 
by its innate Force will reſtore itſelf to its former 
Figure, and by that Force will compel the Body F 
towards E; and if both the Bodies are perfectly ela- 
ſtick, the reſtoring Force of the Spring will be equi— 
valent to the Force that compreſſes it, that is, to the 
Momer tum of the Body F: and therefore it acting on 
the Body F with this. Force, it will compe! that Body 
to return back with the ſame Velocity which it had 
at firſt, But if the Body ADB C is not fixed, but 
in ſuch a ſtate as its Motion is not hindered by any 
other Body, then the elaſtick Force will equally exert 
itſelf on both the Bodies, and it will produce equal 
Changes of Motions : for if the Body A DB compels 
the Body F towards the Part E, that again will be 
equally compelled by the Body F towards the con- 
trary Part; and therefore the Bodies will rebound 
from each other. And ſo we have demonſtrated after 
what manner it happens, that Bodies after the Im- 
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pulſe do not either reſt, or move conjointly together, 
but by rebounding from one another, they move with 


different Velocities, ſometimes towards the contrary 


Parts, and ſometimes towards the ſame. _ 
THE Cartefiaxi, who were ignorant of the Force 
of Elaſticity to reflect Bodies, have given a quite dif- 


ferent Cauſe of Reflection: for they ſay, that Motion 


is not contrary to Motion, but its Direction to its Di- 
rection; and therefore one Body ſtrik ing againſt an- 
other, is reflected, becauſe the Motion of the Body 


that gives the Stroke cannot be deftroyed, ſince ac- 


cording to them nothing can be contrary to Motion: 
but ſince the Direction of one oppoſes the Direction 
of another, they will have it, that the ſtriking Body 
after the Impulſe muſt be reflected towards the con- 
trary Parts, the Quantity of Motion remaining the 


ſame in the Body that gives the ſtroke, and in that 
which received it. | „„ 

Bu x it is eaſy to ſhew, that this Notion is nei- 
ther agreeable to Reaſon or Experience: for ſince 


the Momentum or Quantity of Motion conſtitutes 


that Force or Energy wherewith the moving Body 
tends according to its Direction, if two Bodies di- 


tectly meet each other, the Forces impreſſed accor- 


ding to their contrary Courſes, will be contrary : ſo 


that if they are equal, they will mutually deſtroy 
each other; if unequal, the Motion that is of the 
leſs efficacy, will be deſtroyed. Beſides, one Body 
ſtriking againſt a greater Body at reſt, or moving 
lower towards the ſame Parts, is reflected; but 
this cannot be done only by reaſon the Direction js 
contrary to the Direction : = 
for if the Body B ſtrikes a- I 
gainſt another greater Body C E . 
A, that is either at reſt, or — 
moves ſlower towards the 
lame Parts ; ſince all the Force that is found in 1 
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the Bodies, tends towards C, that Force can never 
direct the Motion in both the Bodies towards the 
contrary Parts. For [by the ſecond Law] all Motion 
is performed according to the right Line, wherein 
the Force is impreſſed ; but {by Hypotheſis] all the 
Force is impreſſed according to the right Line BC, 
from B towards C: wherefore if the Reflection of 
Motion was only made by the Force that is innate in 


Bodies, without a new Force, there would be cauſed 


a Motion in a Courſe that is contrary to that where- 
in the Force is impreſſed; which cannot be. There. 


fore that Reflection does not ariſe from the Force 
firſt impreſſed, but from an Elaſtick Force, with 


which both the Bodies are endued, and which equally 
acting both ways, compels the Bodies to rebound 


from one another, 


BESID ES, if Motion was not contrary to Mo- 


tion, it would be much eaſier to direct a Body that 


is once in motion, towards the contrary Parts, than 
to ſtop it quite: for in the firſt Caſe, the Motion of 
the Body reflecting on one's Hand is not received, but 
only turned towards the contrary Parts; but in the 
latter Caſe, all that Motion is employed on the re- 
fiſting Body, which yet is contrary to manifeſt Ex- 
perience. Laſtly, if nothing was contrary to Mo- 
tion, where-ever any Body hit againſt any Obſtacle, 
there will always be a Reflection, which is neverthe- 
leſs contrary to Obſervation : for Lead, Clay, Wax, 
and other Bodies that have ſcarce any Elaſticity in 
them, 1f they fall on the Pavement, are not reflected; 
yet when Balls made of Wool or Feathers, Ivory, 
Marble, or Glaſs, and other the like Bodies, which 
are very elaſtick, are thrown againſt the ſame Pave- 


ment, they ſtrongly rebound : That Reflection there- 


jore does not proceed from the Motion that is com- 
mon to all Bodies, but from an Elaſticity which 1s 


only peculiar to reflecting Bodies. Which was to be 


ſhew il, | But 


never 
ds the 
Otion 
herein 
all the 
e 30 
tion of 
nate in 
cauſed 
where. 
There. 
Force 
>, With 
equally 
ebound 


Oo Mo- 
dy that 
3, than 
tion of 
d, but 
in the 
he re. 
ſt Ex- 
Mo- 
ſtacle, 
yerthe- 
Wax, 
city in 
lected; 
Ivory, 
which 
Pave- 


there- 


com- 
nich is 
to be 
But 


FElaſtick Bodies. 


Lect. 14. Matura! Philoſophy. 187 


Bu T perhaps the Carteſians may ask, how we 
come to know that Balls of Ivory, Glaſs, and Mar- 
ble, and other reflecting Bodies, which ſeem to be 
exceeding, hard, are endued with an Elaſticity : I 
anſwer, That they are elaſtick, may be hence con- 
cluded, That when they are ſtruck, they yield a 
Sound, which ariſes from the Vibrations of the Bo- 
dy that receives the Stroke, after the ſame manner 
as a ſtretched String, by its Vibrations cauſes Un- 
dulations in the Air; and therefore it 1s not in 
the leaſt to be doubted, but that theſe Bodies are 
endued with ſome Spring. And this Argument in- 
deed makes it probable that theſe Bodies have an 
elaſtick Force, but there is another Argument, 
whereby this matter may be demonſtratively proved. 

For let there be two Balls either of Ivory or 


Glaſs, and if their Figures were perfectly ſpherical, 


they would touch one another in one only and that 
an indiviſible Point; but this cannot be done by any 
human Art: yet they may be made ſo nearly ſphe- 


rical, that they ſhall touch one another in a phyſical 


Point, that is, in the leaſt viſible part. Now if the 


Superficies of one of the Balls is ſtained with Ink (or. 
with any Colour that is eaſily wiped off) and another 


Body impinges on it at reſt, it will appear from the 


Experiment, that not only a phyſical Point of the 


Ball that ſtrikes againſt the other, will, after the 
Impulſe be ſtained with the Colour of that other 
Ball, but a fufficiently large Part thereof; and this 
could not be, unleſs their Superficies were changed 


by the Force of the Stroke: but after the Reflection, 
we find that both the Balls have recovered their firſt. 


Figure, Wherefore the Balls have an elaſtick Force, 


whereby they are able to recover their former Figure 


that was alter*d by the Stroke. ©, E. D. 
N ow follow the Rules of Motion obſerved by 
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THE OR. XXIX. 

Ir two perfeftly Elaſtick Bodies impinge on one another, 
their relative Velocity will be the ſame before and after 
the Impulſe ; that is, the perfettly Elaſtick Bodies will 
recede from each other after the Stroke, with the ſame 
Celerity, wherewith they firſt approached one another, 


Fo R [by Cor. Theor. 27.] the compreſſing Force, 


or the Magnitude of the Stroke in given Bodies, 
ariſes from the relative Velocity of the Bodies, and 
is proportionable to it; and [by Def. 11.] perfeQly 
Elaftick Bodies reſtore themſelves to their former 
Figure by the ſame Force, whereby they- were com- 
preſſed : that is, the reſtoring Force is equal to the 
compreſſing Force, and therefore is equivalent to the 
Force wherewith the Bodies approach each other be- 
fore the Impulſe. But Bodies are compelled to ſepa- 
rate from one another by this reſtoring Force, whence 
this Force acting on the ſame Bodies, will produce 
a relative Velocity equal to that which they had at 
firſt, or it will make the Bodies to recede from one 
another with the ſame Velocity wherewith they at firſt 
approached each other. Q, E. DP). 

Cor. THEREFORE in equal Times taken before 
and after the Impulſe, the Diſtance of the Bodies from 
one another will be equal ; and conſequently in the 
ſame Times, the Diſtances of the Bodies from the 
common Center of Gravity will be alſo equal. 

FR O M this Corollary, the Rules of Motion in the 
_ Congreſs of perfectly Elaſtick Bodies may be eaſily diſ- 
covered; which we ſhall therefore do in the follow- 
ing Problem, „ 

| = PROBL.: III. 


To determine the Rules of Congreſs in Bodies that are per- 


feftly Elaſtick, and which do impinge directly on one another. 


Wr ſhall give at once the Conſtruction of all the 
Caſes of this Problem. Let A and B be two per- 
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fectly Elaſtick Bodies, whoſe common Center of Gra- 
vity let be C, and let the Bodies meet in D; make 
CE equal to CD: I fay, that after the Concourſe 
the right Line E A will expreſs the Velocity of the 
Body A from E towards A, and the right Line EB 
will expreſs the Velocity of the moving Body B from 

E towards B. 5 
Demonſtration. S I N c x [by Theor. 23. ] the common 
Center of Gravity of the Bodies before and after 
the Impulſe, proceeds always uniformly with the 
ſame Velocity, in the Time equal to that wherein 
the Length AD is paſſed over by the Body A, or the 
Length C D by the Center of Gravity C, after the 
Impulſe the Length D K equal to D C, will be paſſed 
over by the ſame Center C; make K a equal to C A. 
and ſince [by the Corol. of the preceding Theor. !] in 
equal Times taken before and after the Impulſe, the 
Diſtances of the Bodies from the common Center of 
Gravity are always equal, in the ſame Point « 
Time, as the common Center of Gravity is in K, 
the Body A will be found in a, fo that after the Im- 
pulſe its Motion will be from D towards a; and its 
Velocity will be as the right Line D a, which is 
paſſed over by it in that Time. But by reaſon CE 
is equal to the right Line CD or KD, and CA 
equal to K a, the Difference of the right Lines C E, 
C A, will be equal to the Difference of the right 
Lines K D, K a, that is, EA will be equal to Da 
but the right Line D 2 denotes the Velocity of the 
Body A after the Impulſe: wherefore its Velocity 
will be alſo denoted by the right Line E A. Be- 
fides, ſince the relative Velocity of the Bodies before 
and after the - Impulſe is the ſame, and the right 
Line E A denotes the Velocity of the moving Body 
A, the Velocity of the moving Body B, after the 
Impulſe muſt be neceſſarily denoted by the right 
Line EB; namely, from E towards B. 2, E. 5 
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move with the Celerity 
an elaſtick Body impinges on another equal to it and 
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Cor. 1. Ir the Body B is at reſt, the Point D will 
coincide with B, as in the firſt three Figures: and 
becauſe B is to A as AC to CB, it will be by Com- 
poſition B A to A as AB to CB: whence by 
doubling the Conſequents, it will be B A to 2 A, 
as AB to 2 CB or EB; that is, as the Aggregate of the 
Bodies to twice the impinging Body, ſo is the Celerit 
of the impinging Body before the Impulſe, to the Cele- 
rity of the Body that is firſt at reſt after the Contact. 
Cor. 2. AN p therefore if A and B are equal, it will 
be A+B=2 A; whence EB, the Celerity of the 
Body B, after the Contact will be equal to AB the 
Celerity of the Body A before the Contact, and con- 
ſequently the Point E coinciding with the Point A, 
AE the Velocity of the moving Body A after the 
Impulſe will be equal to nothing: which may be 
alſo thus eaſily ſhewn : By reaſon of the Bodies A 
and B being equal, it will be AC = CB=CD= 
CE, wherefore the Point E coincides with A, and 
conſequently the moving Body A, after the Impulſe, 
will be at reſt, and the Body B after the Impulſe will 
EZ or AB. If therefore 


at reſt, after the Contact the impinging Body will 
be at reſt, and that which was at reſt will be moved 
with the Celerity of the firſt Body. 


Cor. 3. Ir the equal Bodies & and B are carried 
towards the ſame Part (as in Fig.4.) after the Contact 
they will be alſo carried towards the ſame Part with 
interchanged Velocities. For by reaſon CE is = 
CD, and AC S CB, it will be CE. AC, that is, 
EA=CD—CBor BD; and therefore the Velo- 
city of the Body A after the Impulſe will be equal to 
the Velocity of the Body B before the Impulſe, Be- 
ſides, becauſe E A is = BD, it will be EB= AD; 
and conſequently the Velocity of the Body B after 
the Contact will be equal to the Velocity that the 


Body A had before the Concourſe. Cor. 
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Cor. 4. Ir the equal Bodies A and B are carried 
towards the contrary Parts, (as in Fig. 8.) they will 
after the Impulſe recede towards the contrary Partz, 
with interchanged Velocities. For by reaſon AC j; 
SCB and CE SCD, it will be AC—-CE, tha 
is AE=CB — CD or BD; and therefore the 
Velocity of the Body A, after the Impulſe, will be 
equal to the Velocity the Body B had before the Im. 
pulſe. Beſides, by reaſon EA is B D, it will be 
AD = EB; but AD was the Velocity of the Body 


A before the Concourſe, and EB is the Velocity of the 


Body B after the Concourſe, whence the Corollary is 
evident. 5 

Bu x ſince Calculation is always uſed in Practice, 
we ſhall here deliver a Method, whereby the Celeri- 
ties of Elaſtick Bodies after the Impulſe may be invel- 


tigated, and brought to Numbers; and it would in. 


deed be eaſy, after the manner of the foregoing Co- 
rollaries, to reduce to Numbers all the particular Caſes 
from the general Conſtruction; but a general Calcu- 
lation may be thus more readily diſcovered. | _ 
LE x us in the firſt place ſuppoſe the Bodies A 
and B to be moved towards the fame Part; and let 
C be the Velocity of the following Body A, but: 
the Velocity of the preceding Body B: whence the 
relative Velocity of the Bo- 
dies will be C -c, and the 
D Sum of the Motions towards 
the ſame Part AC + Bc. 
Let the Velocity of the Bo- 


dy A after the Impulſe towards the ſame Part, as 
before, be called x; and becauſe the relative Velo- 


City of the Bodies both before and after the Con- 


courſe is the ſame, the Velocity of the Body B will 


be x + C—c: for the relative Velocity of the Bo- 
dies is equal to the Exceſs of the Velocity, whereby 


the Velocity of the ſwifter Body exceeds that of 


the 
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the lower, ſo that the Exceſs ought to be Cm; 


05 


A is x, its Mo- 
tion towards the Part D will be Ax; and ſince the 
Velocity of the Body B is x + C—c, its Motion 
towards the ſame Part will be BK þ BC —Bc; 
and the Sum of theſe Motions will be equal to the 
Sum of the former Motions, that is, it will be 
Ax Bx TBC -BS = ACT Be: whence by 
reducing this Equation, it will be AX T BIS AC 


AC BC 2B Rs 
C4 2Bc; and x = "Iz the 


velocity of the Body A. Moreover, the Velocity 


_AC—BC+:Bc 


of the Body B = x + 8 F 


A+ 
LC See Tae Lg. 


"AFB 

2AC—Ac+Bc . 

3 4 | 5 — 
I? BC is greater chan AC + 2 B . 


AC—B C+:2B 
— will be a negative Quantity: ſo that 


I 

the Velocity of che Body A in that caſe will be to- 
wards the contrary part, and its Motion towards D 
will be negative. If the Body B is at reſt, that is, 


if c =0, the Velocity of the Body A after the Im- 
pulſe will be + CY 2 forwards or backwards as 


the Sign T or — aan om | 
Ir the Bodies A and B carried towards the chn- 
rary Parts with the Celerities C and c, 'do directly 
impinge on each other, their Motion towards the 
lame Part will be A C— Be, and the relative Velo- 
Cities of. the. Bodies will be Cc. Now let x be the 
Velocity of the Body A after the Impulſe ; its Mo- 
tion towards the ſame Part as before, will be Ax, 
andthe Velocity of the Body B will be x + C-þ c, 
for the relative Velocity EY Bodies is not altered by 
| e the 
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the Stroke) and the Motion in the Body B toward 
D will be Bx +BC+ Bc; whence the Sum 
the Motions towards the ſame Part will be A x 4 
BX TBC T Hc, which [by Theor. 14.] will be = 
AC— Bc: fo that it will be Ax+ Bx= A C< 
BC—2 Br, and = <P ED", and the Ve 
9 5 APE 
2 bagel "ORs AC—B C—: By 
locity of the Body B will be I&EC. + C + 


AC—BC—:Bc+ACþ+ASBCHEB c 2 ACÞAc<}þ 


— 
— — 


VT 
Ir BC-+ 2B e is greater than A C, the Motion 
the Body A will be backwards; namely, toward 
1 3 „ AC—BC—2Bl 
the contrary Part: in which caſe x or TE 


will be a negative Quantity. 33 
Tux firſt, as I know of, who gave the true Lan 


of Motion in hard Bodies, was Dr. Jobn Wallis, th 


famous Savilian Profeſſor of Geametry in this Uni 


verſity, which he did in the Philoſophical Fanjattun 


No 43. where he alſo ſhew'd the true Cauſe of Reflec 
tions in other Bodies, and proved that they proceeded 
from their Elaſticity, Not long after, the famous Sr 
Chriſtopber Wren, and Monſ. Huygens, imparted iv 
our Royal Society the Laws that are obſerved by pt 


fectly Elaſtick Bodies, and gave exactly the ſame Con 


ſtruction, tho“ each was ignorant of what the othe! 
had done. But fince they publiſhed in the Philoſophica 
Tranſattions, the Conſtructions and Laws of Motion 
without any Demonſtration ; we have thought fit u 
take thence their very elegant Conſtruction, and tg& 
monſtrate it. 35 

AFTER a not unlike Method is conſtructed tht 


Problem in ſuch Bodies as are indeed Elaſtick, but 
which do not reſtore themſelves with a Force equi 


to that whereby they were compreſſed, For | 
there be any two Bodies A and B, whoſe —_ 
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Center of Gravity let be C; let AC, BC, beſo cut 
in a and , that A C is to à C and B C to h C, as the 


1 — BZ» 


ol 


Force compreſſing the Elaſtick Body to the Force 
whereby it reſtores itſelf : and let CE be equal to 
CD, E a will be the Velocity of the Body A after 
E b will be the 
Velocity of the Body B from E towards D. 

Bor if the reſtoring Force is equal to the com- 

prefling Force, the Point @ will coincide wa 

8 

Demonſtration is eaſy to any one that underſtands 
the preceding, nor is it neceſſary to add it here. 

THE OR. XXX. 

Ir a Body A is moved uniformly in the right Line A B, 

and in the mean while that right Lire AB is carried 

always parallel to itſelf, as alſo with an equable Motion 

according 19 a Direction that is parallel to AC; and 

let the Velocity of the Body A be to the Veloci y of the 

Line A B as AB t AC, and let be compleated the 

Parallelogram AB DC, whoſe Di-gonal le! be AD: 

this will be the true Line deſcribed by the Body A in its 

Motion. ET . 

Wu w the Line AB ſhall come to the Situation 
6b, let g be the Place of the Body A ; and becauſe 
(oy Theor. 6.] the Spaces deſcribed in the ſame Time 
ae as tne Velocities, a g the Length paſſed over by 
the moving Body A, will be to A 2 the Length paſſed 
over by the Line A B, as the Velocity of A to the 
Velocity of the right Line A B, that is [by Hypothe- 

— 2 Gs] 
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ſis] as AB to A C: whence the Parallelogram 40 
will be ſimilar to the Parallelog 
ſequently [by 24 El. 6.] the Point g will be placed 
in the Diagonal AD; that is, the Body A will be 
always found in the right Line AD: fo that this 
Line will be paſſed over by it. Q. E. D. 
Cor. 1. THE Line AD will be deſcribed by the 
moving Body A in the ſame Time, wherein, without 
the Motion according to. A C, it would paſs over the 
Line AB ; or wherein, without the Motion according 
to AB, it would deſcribe the right Line A C. 
Cor. 2. S1N CE the moving Body is thereforecar- 
ried in the right Line A D, becauſe beſide its own 
roper Motion, it likewiſe partakes of the Motion 
of its Place, or of the right Line AB, and its Mo- 
tion is compounded of both theſe ; if any moveable 
Body has two Motions impreſſed on it at the fame 
time, according to the Directions AB, AC; and 
thoſe Motions, or the Forces whereby they are pro- 
_ duced, are as the right Lines AB, AC: AD will 
be the Line deſcribed by the moving Body, that r- 
ceives the Motions impreſſed by theſe two Forces, 
and its Force, whereby it is carried in the right 
Line AD, will be to the Forces according to AB, 
AC, as the Diagonal AD to the Sides of the Paral 
lelogram AB, AC. AS | 
Cor. 3. HEN E converſly, if the moving Body 


with a Force as A D paſſes over the right Line A ch 
| the 


ram CB, and con- 


Led 
the! 
ſame 
it ha 
Prop 
ding 
KG; 
it ſe] 
Moti 
thers. 
to di 


Ir th, 
the 
liga 


m al 


nd con · 


placed 
will be 
vat this 


by the 
without 
wer the 
cording 


ore cat. 
its Own 
Motion 
its Mo- 
oveable 
je ſame 
3 and 
are pro- 
D will 
that re- 
Forces, 
e right 
O AB, 
e Paral- 


g Body 
ie AD, 
the 


5 


Lect.14. Matura Philgſophy. 197 
the Motion will- be the fame, and according to the 
ſame Direction, as if at the beginning of the Motion 
it had been impelled by two Forces at once, each 
proportionable to the right Lines AB, AC, accor- 

ding to the Directions from A to B, and from A to 
C. And hence any Motion whatever, tho? ſimple in 
it ſelf, may be conſider'd as compounded of more 
Motions ; and any Forces may be reſolved into o- 
thers, that are more in number, and act according 
to different Directions. - 


TEE OR. . Ss. 
Ir the Body A impinges obliquely on a firm Obſtacle DC, 
the Energy of the Percuſſion, or Magnitude of the ob. 
lique Stroke, will be to the Magnitude of the Stroke that 


4 P 
88 | 


— — _ 


_ the ſame Body would have produced, if it had impinged 
Perpendicularly with the ſame Celerity, as the Sine of - 
the Angle of Incidence ACD to the Radius. 


Pao A let fall on the Obſtacle the Perpendicu- 


ar AD, if the Superficies of the Obſtacle is a Plane: 
er if a Curve, let the Perpendicular be let fall on the 


O 3 Plane 
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Plane touching the Obſtacle in the Point of Incidence 
C, and compleat the Rectangle DB. Now [by Cor.. 
of the preceding Theor.] the Motion of the Body A 
being as A C in the right Line A C, will be equivalent 

two Motions impreſſed at the ſame time according 
to the Directions AB, A D, which are to the Mo. 


tions in A Cas the right Lines AB, AD, to A C: but 
the Obſtacle does no ways reſiſt the Motion in the 


right Line AB; for ſince AB is parallel to DC, 
the Body moved in the right Line AB will never 
impinge on the Obſtacle DC. The Force therefore 
wherewith it impinges on the Obſtacle, is as the 


right Line A D: the Force therefore of the Body A 
in the right Line A C, is to the Force wherewith it 


impinges on the Ooſtacle, as AC to AD. But if it 
had impinged perpendicularly on the fame with a 
Force as A C, the Magnitude of the Stroke would 


have been repreſented by A C, for the whole Mo- 


tion would have been deſtroyed by the Obſtacle: 
wherefore the Magnitude of the oblique Stroke will 
be to the Magnitude of the perpendicular Stroke as 
AD to AC; that is, A C being made the Radius, 
as the Sine of the Angle of Incidence to the Radius, 


THE OR. XXXII. 

Ir a perfectly Elaſtick Body impinges obliquely on a firm 
Ohſtacle, 1 will be (0 reflected from it, that the An. 
gle of Refleion ſball be equal to the Angle of Int 
dence. I N 


Lu T the perfectly Elaſtick Body A fall obliquely 


on the firm Obſtacle according to the Line AB} ! 
ſ.y, that will with the ſame Celerity be ſo reflected 
in the right Line BC, that the Angle of Reflection 
CBT fhall be equal to the Angle of Incidence 
Let the right Line A B expreſs the Motion 
of tne Body A in the Direction AB: [by _ 3. 
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*heor, 30. ] let this Motion be reſolved into two. 
others, according to the Directions, A E, AD, to 
which the Motion in AB is as AB to AE, AD: 
but ſince AE is parallel to the Superficics of the 
Obſtacle, and AD perpendicular to it, or at leait 


| to the Plane touching the Obſtacle in B; that Force 
| wherewith it impinges on the Obſtacle, is only that 


which is as A D acting in a Direction tide is perpen- 
Now make BE equal and 
parallel to AD, and BF equal to DB or AE, and 


| compleat the Rectangle EF, which will be in eve- 
| ry thing ſimilar and equal to the Rectangle DE. 


Since therefore the Motion as A E, according to the 
Direction parallel to the Obſtacle is not deſtroyed by 
the Stroke, for the Obſtacle does not oppoſe this 
Motion; after the Impulſe at B, the Force remain- | 
ing in the Body to move according to the Direction 
BF, will be as AE or BF: but from the Nature of 
Elaſticity, a Body impinging on an Obſtacle with a 
Force as EB according to the Direction EB, is re- 
flected with the ſame Force according to the ſame 
Direction; the Motion therefore of the Body at the 
Point of Incidence B is compounded of the Motion 
as B F according to the Direction B F, and the Mo- 
tion as B E according to the Direction BF. Where. 
fore [by Corol. 2. Theor. 30.] the Body will be moved 
in the right Line BC with a Force as BC: but by 

EEE O 4 reaſon 
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reaſon AD, CF, are equal and parallel, and by rea- 
fon DB, BF, andthe Angles at D and F are equal, 
the Angle CBF will be equal to the Angle ABP, 


that is, the Angle of Reflection equal to the Angle of 
Incidence. 2, E. D. | 5 


e Ty, 
To determine the Motions of Bodies impinging obliquely 


. 


after the Concourſe. 


Lr any Bodies A and B be moved in the Lind 
AC, BC, inclined to one another, whoſe Lengths 
let reſpectively expreſs the Velocities of. the Bodies 
A, B: let EFC repreſent the Plane whereby the 


Bodies are touch'd in the Point of Concourſe ; on 


which from A and B let fall the Perpendiculars . AE, 
A = 


, 


2 


. * 
; | B 6 
b L 


BF, which may expreſs the Velocities wherewith 


the Bodies approach' each other. Compleat the 


Rectangles EG, FH. [By Cor. 3. Theor. 3o.] the 


Motion of the Body A 1s reſolved into two others, 


according td the Directions AG, AE; to which the 
Motion in A C is as AC to A G, AE, reſpectively- 
in like manner, the Motion of the Body Bis reſolved 


into two other, according to the Directions B 2 , 
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BH; to which the Motion in B C is as BC to 
BF, B H, reſpectively. But ſince A G, BH, are pa- 
rallel, by the Velocities wherewith the Bodies are 
moved according to theſe Directions, they vill not 
impinge on one another, ſo that the Motion accord- 
ding to theſe Directions will not be changed by the 
Impulſe; the Velocities therefore wherewith the 
Bodies meet each other, are as AE or GC and BF 
or HC. The Motions therefore of the Bodies A, 
B, directly ſtriking againſt each other with the 
Velocities GC, HC, will be determined, [by 
Probl. 2. if the Bodies are hard, or by Probl. g. 
if elaſtick ;] and let CL be the Velocity of 


the Body A from C towards L after the Impulſe, 
which ariſes from the Velocities GC, HC. And 


ſince, as has been ſhewn, there remains in the Body 


a Force of moving according to the Direction paral- - 


ll to AG, witha Velocity as A G, make CM equal 


to A G, and compleat the Rectangle LM: the Body 
A, after the Impulſe, will move in its Diagonal CN 


with a Velocity as CN, as appears by Corol. 2. 


Theor. 30. and after the ſame manner will be deter- 
mined the Motion of the Body B after the Impulſe. 


THEOR. XXXIII. 2 
ls a moveable Body A is drawn by three Powers by th 


means of three Strings, or by anyother manner whatever 
zs ſollicited according to the Directions AB, AE, AC, 


fo that theſe three Powers are equivalent to- each other, 
that is, if any two of them deſtroy the Effect of the 
other, and the Body is moved by none of them ; theſe 
_ Powers will have among ſt themſelves the ſame Ratio, as 


have the right Lines parallel to their Directions, and 


terminated by their mutual Concourſe. - 


LET AD expreſs the Power or Force wherewith 
the moveable Body A is ſollicited from A towards B ; 


the 
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the Force equivalent or equal to this, and ſolliciting 
the Body A the contrary way from A towards D, 
will be alſo expreſſed by: AD: but [by Cor. 3. 


"Theor. 30.] the Force impelling the Body from A to- 
| wards D, will be equivalent to two Forces acting 
according to the Directions AC, AE, to which the 
former Force acting from A towards D, is as AD to 
AC, AE, or to AC, CD, reſpectively; and in- 
verſely the Forces acting according to the right 
Lines AC, AE, and equivalent together to the 
Force ſolliciting the Body from A towards D, ought 
to be to the ſame Force according to AD as AC 
and AE or CD to AD: wherefore likewiſe the 
Forces acting according to the right Lines AC, AE 
and equivalent to the Force wherewith the Body 1s 
ſollicited from A towards P, and deſtroying its 
Effect, ought to be to the ſame, as AC, CD, to 
AD; that is, if the ſame moveable Body is ſollicited 
by three Powers equivalent to each other, according 
to the Directions AB, AC, AE, theſe three Powers 
will be as the right Lines AD, AC, AE, reſpective- 
ly. VE. D. 


Cor. 1, SINCE in every Triangle the Sides are as 
the Sines of the oppoſite Angles, AC will be to 
Cb as the Sine of the Angle AD Cor DAE to the 
Sine of the Angle DAC: whence any two — 
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will be amongſt themſelves reciprocally as the Sines 
of the Angles, which the Lines of their Directions 
contain with the Line of Direction of the third 
Power. Beſides, AD is to A C as the Sine of the 
Angle Cor AED to the Sine of the Angle C DA 
or DA E; and in like manner, the Power acting 
according to A B, 1s to the Power according to A E 
as the Sine of the Angle AED to the Sine of the 
Angle ADE or CAD. 

Cer. 2. Ir two Powers 
R, S, ſuſtain a Weight B, 
by the means of Strings 
drawing in the right 
Lines AR, AS, the Point 
to- A will be ſollicited by 
ing three Powers, whereof two 
the act accgrding to the Di- 
to reRtions A R, AS, and the 
in- other is the Force of the 
zht Gravity of the Weight B, 
the acting according to the 
git right Line A B perpendi- V 
Lecular to the Earth; whence the Power R will be to 
the the Force of Gravity as AC to A D, or as the Sine 
E, of the Angle DAE to the Sine of the Angle DEA 
5 ® CAE; and the Power S will be to the Force of 
Gravity as E A to A D, or the Sine of the Angle 
CAD to the Sine of the Angle DEA or CAE; 
and the Power R will be to the Power S as the Sine 
| of the Angle EA D to the Sine of the Angle C A D. 
Tus Theorem, with its Corollaries, is the Foun- 

dasion af the New Mechanics publiſhed by M. Va- 
rignion; and from it likewiſe may immediately be 
deduce& moſt of the mechanick Theorems contained 
in the famous Book of Borelli, de Motu Animalium, for 
by its help may the Force of the Muſcles be deter- 


mined, 
THEQR. 
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THE OR. XXXIV. 


Ir an beavy Body B is incumbent on an inclined Plant, 
and is ſupported by a Power R, acting according to g 
Direction that is parallel to the Plane, ſo that it dhe; 
not deſcend along that Plane; the Power R will be þ 
the Weight of the Body B as the Sine ef the Angle of 
Inclination to the Radius. 1 5 


TnROVUORH the Point where the heavy Body 
reſts againſt the Plane, draw A C perpendicular to 
the common Section of the Plane and the Horizon; 

N from any Point of which 
A, let fall on the Plane 
1 of the Horizon the Per. 

G pendicular A D, and join 

CD; ACD ul be ſhy 
Def. 6. El. 1 1.] the Angle 

I of Inclination of. the 
ea Plane and the Horizon, 
whoſe Sine is AD, CA 
being made the Radius. 
| Now I fay, AC is to 
F AD as the Weight of 
D the Body B to the Power 

R. For the Body B is 
ſollicited by three Powers acting according to diffe- 
rent Directions, and placed in equilibrio ; whereof 
the firſt is the Force of Gravity acting according to 
the Direction B E perpendicular to CD ; the ſecond 
is the Power R, drawing the Body according to the 
Direction B R parallel to AC ; but the place of the 
third Power is ſupplied by the Reſiſtance of the 
Plane acting according to the Line B H perpendicu- 
lar to it; for Re. action is always equal to Action, 
and is made towards the contrary Part: and ſince 
the Plane is preſſed perpendicularly by the — 

| 8 | | | ody: 


III 
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Body, according to the Direction B H, and that con- 
trary Endeavour is equivalent to the Power ſollici- 


ting the Body according to BH; and ſince theſe 


three Powers are in æquilibrio, and the moveable Bo- 


dy is ſuſtained by them, if F G is drawn parallel to 


EB, meeting the right Line A G in G, the Power 
R will be to the Force of Gravity as BG to FG, 
by the preceding Theor. but by reaſon the Tri- 
angle CF G is rectangular, and F B a Perpendicular 
to its Baſe CG, it is [hy 8. El. 6] as BG to FG, fo 
is FG to GC, and as FG to GC, ſo [by 4 El. 6.] 
will be AD to AC: wherefore the Power R is to 
the Force of Gravity as AD to AC, or as the Sine 


of the Inclination of the Plane to the Radius. An 
Power therefore may be able to ſuſtain a heavy Body 


on an inclined Plane, provided the Power is to the 
Weight of the heavy Body as the Sine of the Iticli- 
nation of the Plane to the Radius. ©. E. D. | 


Cor. 1. SINE the Power R hinders the Deſcent 


of the heavy Body down the Plane A C, and is equi- 


| valent to its Momentum, whereby it endeavours to 


deſcend down the Plane ; it follows that the Force 


of any heavy Body deſcending down an inclined 
Plane, is to the Force wherewith it endeavours. to 
deſcend in the Perpendicular, as the Sine of Inclina- 


tion of the Plane to the Radius. 
Cor. 2. H*NcE there may be aſſigned ſuch an 
Inclination of a Plane, that any, the ſmalleſt Power, 


may be able to ſuſtain or even raiſe: upon that Plane 


any Weight, how great ſoever. 
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LECTURE XV. 

Of the Deſcent of heavy Bodies on 
inclined Planes, and of the Motion 
of Pendulums. 5 


AVIN & finiſhed what belongs to Motion 
M in general, we ſhall now proceed to treat of 

a WW Y thoſe Motions that ariſe from given Forces; 

iin explaining of which, and reviewing the 
Phenomena thence ariſing, conſiſts the Buſineſs of the 
true Philoſophy. That therefore we may begin with 
what is moſt ſimple, we ſhall in the firſt place conſider 
that Force which is always directed. toward the ſame 
Part uniformly, that is, every where with the ſame 
| Tenour ; and ſuch is commonly ſuppoſed the Force ot 
Gravity. For though it is certain that the Force of 
Gravity is not every where the ſame, but at different 
Diſtances from the Center of the Earth, is reciprocally 
as the Squares of ſuch Diſtances yet ſince the different 
Heights to which heavy Bodies can be thrown by us, 
are very ſmall, in compariſon of the vaſt Diſtance from 
the Center of the Earth, in ſo very little Difference of 
Heights, we may ſafely, and without any ſenſible Er- 
ror, ſuppoſe the Force of Gravity to be every where 
the ſame. „ | 

WZ ſhall therefore in this place treat of the Mo- 
tion of heavy Bodies: but we ſuppoſe this Motion to 
be performed, either in Planes inclining to the Hori- 
Zon, or in curve Superficies, ſuch as are ſpherical and 
cycloidal ones; or laſtly, in free and unreſiſting Spa- 
ces: concerning all which, we ſhall give the follow- 
ing Theorems. 3 
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* | THe Deſcent of a heavy Body upon any inclined Plane, 
is a Motion equably accelerated. And the Velocity that 
a heavy Body falling from Reſt along an inclined Plane, 
acquires in any given Time, is to the Velocity acquired 
It in the ſame Time, by a heavy Body falling perpendicu- 
Mm larly, as the Height of the Plane to its Length, © 


LET AB be the inclined Plane on which the heavy 
Body D deſcends, {By Corol. 1: Theor. 34.] the 


on Force wherewith a heavy Body endeavours to de- 


of 
es; 


the 
er 


of 


ent | 
ent —_ S 


om ſcend on an inclined Plane, is to the abſolute Force 
of of Gravity, namely that whereby it would deſcend 
r- in the Perpendicular, in a conſtant Ratio, which 1s 
ere chat of the Sine of the Inclination of the Plane to the 
Radius, or as the Height of the Plane to its Length; 
ſo- and therefore ſince the abſolute Force of Gravity of the 
Body D remains the ſame, the Force likewiſe where- 
with-it endeavours to deſcend on the Plane AB, will 
remain the ſame. That Force therefore will always 
act on the heavy Body D in the ſame Tenour ; ſo 
that being applied in the ſame manner, it will, by the 
ſecond Law, always add equal Increments of Veloci- 
I ties, 
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ties, not otherwiſe than is done in heavy Bodies fal- 
ling perpendicularly. The Deſcent therefore of hea- 
vy Bodies on an inclined Plane, isa Motion uniformly 
accelerated. Q, E. DP. tg, 
Mok FE O vRER, the Increments of the Velocities of 
heavy Bodies falling in the Perpendicular, and on an 
inclined Plane, which are produced in the fame inde- 
| finitely ſmall Time, are to one another as the Forces 
wherewith they are produced: but the Forces are 
in a conſtant Ratio, namely, as the Length of the 
Plane AB to its Height AC; wherefore the Incre- 
ments of the Velocities thence ariſing, will be in the 
ſame Ratio. And conſequently, [by 12 El. 5.] the 
Sum of the Increments of one, will be to the Sum of 
the Increments of the other, in the ſame Ratio, that 
is, the Velocity of the heavy Body falling perpendi- 
cularly, is to the Velocity of a heavy Body deſcend- 


ing in the mean time on an inclined Plane, as the 


Length of the Plane to its Height. Q, E. D. 

Cor. 1. TH E Velocities of a heavy Body falling on 
an inclined Plane, are as the Times wherein they are 
acquired. . F 

Cor. 2. WHATEVER therefore we have demonſtra- 
ted in Theor. 12. and its Corol. concerning Motion 
uniformly accelerated, the ſame will hold true in the 
Deſcent of heavy Bodies on inclined Planes; name- 

ly, the Space paſſed over in a given Time by a 
» heavy Body falling on an inclined Plane, computing 
from the beginning of Motion, will be the half of 
that, which in the ſame Time may be paſſed over by 

a Body moving uniformly, with the Velocity ac- 
quired at the laſt. Alſo the Spaces paſſed over, 
computing from the beginning of the Motion, are in 
a duplicate Ratio of the Times or Celerities ; and 
the Celerities and Times are in a ſubduplicate Ratio 
of the Spaces paſſed over. 
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N Cor. 3. Hence alſo the Aſcent ofa heavy Body along 
any inclined Plane, is a Motion uniformly retarded, 
as it is in the Aſcent of a Body in the Perpendicular, 
and it has juſt the fame Properties. 
of SCHOLIUM. = | 
an Ir we have recourſe to Experiments, we ſhall ind 
le- all things anſwer to our Reaſonings; and in Planes 
des that are not too much inclined, it will be eaſy to 
re make an Experiment, ſince Motions that are not 
he very ſwift may be exactly meaſured : But it is the 
re- contrary in the perpendicular Deſcent, where the 
he Swiftneſs of the Motion gives not time to make ac- 
curate Ublereations, ooo Ein i: 99 
of W = here ſuppoſe the Planes to be exactly ſmooth, 
nat and the Motion on them to be hindered by no Rug- 
di- gedneſs or Unevenneſs 
nd. % YE 
the AN inclined Plane being given, to aſſign the Part of it 
which a heavy Body will paſs over, in the Time whilſt 
on another heavy Body ſhall have fallen through a given 
are Space in the Perpendicular. 


Lr AB be the inclined Plane on which the 
heavy Body deſcends from A; the Length is to be 
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aſſigned in it, which will be paſſed over by the heayy 


Body falling along the inclined Plane: whilſt in the 
mean while another heavy Body falling perpendicy. 
larly, ſhall have run over the Space A C. From the 
Point C let fall the Perpendicular C D on AB meet. 
ing the Plane in D; then A D will be the Space paſſe 
over along the inclined Plane, in the Time wherein the 
heavy Body falls in the Perpendicular from A to- 
For if AD is not, let AE be the Space deſcribed i 
the ſame Time that the heavy Body falls from A to ( 
which let be greater or leſs than AD. Draw the hor. 
zontal right Line CB. And becauſe by Theor. 12. f 
the Time that the heavy Body falls from A to C, ot 
from A to E, it may run over twice the Length d 
AC, with an uniform Velocity, and equal to tht 
which it acquires from falling to C, [as by the Car. 
of the preceding T heor. |] in the ſame Time a Lengt 
double of A E may be run over, with the Veloci 
that is acquired in E; the Velocity in C, by Theor. 
6. will be to the Velocity acquired in E as twice 
AC to twice AF, or as AC to A E. But finc 
AC, AE, are run over in the ſame Time, the Velo. 
city in C [by the preceding Theor.] will be to th 
Velocity in E as AB to AC: wherefore AB will 
toACas ACto AE; but [by 8 E1.6.] as ABU 
AC, ſo is AC to AD: wherefore AC will be to 
AE as ACto AD; and conſequently, A E. will b 
equal to AD, a leſs to a greater, which cannot be 
Therefore no other Space beſides A D can be paſſi 
cover by a heavy Body falling along the Plane Ab, 
whilſt in the mean time a heavy Body falls from 1 
to C. Which was to be ſhewn, 
Cor. 1. HRE NE may be found the Space througl 
which a heavy Body falls in the Perpendicular, whilt 
another heavy Body on an inclined Plane runs througt 
any given Length AB: namely, if from the Point 
B to the right Line AB there be erected a rey 
| _ iculat 
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dicular BC, meeting the Perpendicular in C, then 
A C will be the Space ſought. 


* . 


Cor. 2. Ir there are two or more inclined Planes 
AB, AE; and there is given the Space AD in the 
Plane A B, paſſed over by a heavy Body inany Times 


A 


the Space that will be run through in the lame 


Time by a heavy Body on the Plane A E, will be 
: P 2 found 


212 An Introduction to Lect. I. 


found by erecting from the Point D the Perpendicular * ob. 
D G, meeting with the Perpendicular in G: and by let- in 7 


ting fall from G on AE the Perpendicular G H, T; 
meeting the Plane AF in H; then A H will be the op 8 
Space ſought : for both the Spaces A D, A H, wil ® > 1 
be paſſed over in the Time that the heavy Body de. 1 


ſcends in the Perpendicular from A to G. As, * 
Cor. 3. From the Demonſtration of this Theorem Vi a 


it is manifeſt, that the Velocities acquired in the fame: 
Time by heavy Bodies falling in the Perpendicular and 
on inclined Planes, are as the Spaces paſſed over by 
thoſe Bodies. 


HE OR: XXI. 

Tu E Time wherein the inclined Plaue AB is paſſed over, 
is to the Time wherein the Perpendicular A C isis 
through, as A B the Length of the Plane, to A Ci 
Length of the Perpendicular. ES 


From Cto AB let fill the Perpendicular CD; 
and the Time wherein AD is paſſed over, will b and the T 
: | 5 to- AD: 
will be to 


5 


THE Cel 
and in tl 
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1 fs cular A C. 
* e 5 [ fay, the 


equal to the Time wherein A C is paſſed over. Put ae 

the Time wherein AB is paſſed over, 1s to iſ "i eg 
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Ratio of AB to A D, [by Corol. 2. Theor. 35. ] that 
is, by reaſon AB, AC, APD, are continual Propor- 
tionals, the Time wherein AB is paſſed over, is to 
the Time wherein AD or AC is paſſed over, as AB 

LHAC ES: | 


Cor. HEN C E the Time wherein different Planes, 
AB, AD, BK, whoſe Height is the ſame, are paſſed 
over, are as the Lengths of the Planes: for the 
Time in AB is to the Time in AC, as A B to AC; 


6 


B MD 
and the Time in AC tothe Time in AD, as AC 


to- AD: wherefore by Equality the Time in AB 
will be to the Time in AD, as AB to AD. 


THEOR. XXXVI. 
Tax Celerities of heavy Bodies, on any inclined Plane, 
and in the Perpendicular, are equal, where the heavy 
Bodies ſhall deſcend from the ſame Height to the ſame 
Horizontal right Line. See Fig. Theor. 36. 


LET the inclined Plane be A B, and the Perpendi- 
cular AC. Draw the Horizontal right Line B C. 
I ſay, the Celerity acquired in the Point B, after the 
Deſcent through AB, will be equal to the Celerity 
acquired in the Point C, after the Fall through A C. 
From the Point C let fall the Perpendicular CD on 


214 An Introduction to 
AB. Then AD will be the Space that is run over 
by the heavy Body falling in the Plane AB. in the 
Time that another heavy Body deſcends in the Per. 
pendicular through AC: and [by Cor. 3. Probl. 5 
the Celerity in C is to the Celerity in D as AC tg 
AD, or as A B to AC. But becauſe the Celerities 
acquired in falling along the ſame Plane are in a ſub. 
duplicate Ratio of the Lengths run over by the heayy 
Body, the Celerity in B will be to the Celerity inD, 
in a ſubduplicate Ratio of the Length AB to the 
Length AD; that is, by reaſon AB, AC, AD, 
are continua] Proportionals, as AB to AC: butt 
has been ſhewn, that the Celerity in C is to the Ce. 
Jerity in D, alſo as AB to AC; wherefore ſince the 
Cclerities in B and C have the ſame proportion to the 
Celerity in D, they will be equal. Q. E. D. See Fi, 
Cor. of the preceding Theor. | 
Cor. HE NOE the Celerities, which are acquired 
by heavy Bodies falling from the ſame Height to the 
ſame Horizontal right Line, on Planes inclined after 
any manner, are equal amongſt themſelves ; for both 
the Celerities, namely, that which is acquired in the 
Point B, after the Deſcent through AB or BK; 
and that which is acquired in the Point D, after the 
Deſcent through AD; is equal to the Celerity ac: 
quired in the Deſcent of the heavy Body from 4 
to C, | 
THEOR, XXXVIII. 


Ir from the ſame Height a moveable Body deſcends wil 

an uninterrupted Motion through any Number of coils 

guous Planes AB, BC, CD, it will always at ihe 

concluſion acquire the ſame Velocity; namely, that which 

is equal to what is acquired by falling perpendiculari 
from the like Height, EE 


THROUG 1 A and D draw the Horizontal rigit 
Lines HE, DF, and produce the Planes B C, C s 
e Rd Me. tha 
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that they may meet with HE in the Points G and 
E. [By Corol. Theor. 37.] the ſame Celerity is ac- 
quired in the Point B, by deſcending through A B, 
as if the heavy Body had deſcended through B G: 
but we ſuppoſe the Flexure at the Point B, not to 
hinder the Motion of the heavy 
to change its direction; ſo that in the Point C 
the fame Velocity will be acquired by deſcending 
through AB, BC, as if it had deſcended through 
GC. But by deſcending through G C, the ſame 
Celerity 1s acquired, as the heavy Body would have 
gotten by falling through EC; ſo that fince the 
Flexure at C is not ſuppoſed to diminiſh the Ve- 
locity of the heavy Body, it will have the ſame Ve- 
locity in D, as if it had deſcended through the 
Plane E D, or the Perpendicular E F. 2, E. D. 
Cor. 1. HENCE it appears, that a moveable Body 
deſcending through the Circumference of à Circle, 
or through any Curves, (for we may here conſider 


Curves as compounded of infinite right Lines) al- 


ways acquires the ſame Velocity, as if a heavy Body 


deſcended directly in the Perpendicular from the 
ſame Height. 8 OE 


2 Cor. 


Body, but only 
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Cor. 2. Bu T if a heavy Body, after its Deſcent 
through AB, BC, CD, or through H D, ſhould 
turn its Motion upwards ; it would aſcend to the 
ſame Height from whence it fell, through any in- 
clined Planes: for ſince Gravity always acts with the 
ſame force in the ſame Plane, whether the Bod 
aſcends or deſcends, its Efficacy will be the ſame to 
diminiſh the Velocity of the Body in its Aſcent, as 
to increaſe it in its Deſcent; therefore the Decre- 
ment of the Velocity in the Point C, whilſt the 
moveable Body aſcended from D to C, is as great, as 
was the Increment of the Velocity acquired in the 
Deſcent from C to D: and conſequently the Velo- 
city in C will be the fame after the Aſcent through 
CD, as it was before in the ſame Point, after the 
Deſcent through AB, BC. In like manner, the Ve- 
locity in B after the Aſcent through CB is the ſame 
with the Velocity acquired in the Deſcent through 
AB or BG. So alſo Gravity will take as much from 
the Velocity of the Body in aſcending through B A, 
as was acquired in the Deſcent through AB; and in 
the Points that are of an equal height, the Velocity 
of the Body will be always the ſame, but the Velo- 
city in the beginning of the Deſcent, namely, in the 
Point A, was nothing : ſo that by aſcending, at that 
Point A all the Velocity is taken away; which Point 
therefore will be the Boundary to which the move- 
able Body by aſcending will arrive. 

Cor. 3. Ira moveable Body deſcends through any 
Superficies AB to its loweſt Point B, and afterwards 


2 C 


aſcends 


Lect. 1 


aſcends b 
the ſimil 
and deſc 


[Ir from 1 
pendic 
Plane 

the De 
Time 
throug 


LET 
AC3-1 
equal tc 
ter AB 
a right 


Point 
meeting 
[cent t. 


Lect. 15. MNatural Philoſophy. 217 
ent aſcends by the Velocity acquired in the Fall, through 


uld the ſimilar and equal Superficies BC; it will aſcend 
the and deſcend in equal Times through equal Spaces. 


C > _—_ : 
— . cx 4 woe ww " GI” r 4 
- — * ty — — Lo 
— 9 * I 2 
—ä—— — A AR ——— — FOR 


* THEOR. XXXIX. — 
to Ir from the higheſt Point A, or loweſ? B, of a Circle per- 
a8 pendicular to the Horizon, be drawn any two inclined 
cre- Planes AC, BC, to the Circumference; the Times of 


the the Deſcents through thoſe Planes, will be equal to the 
ns Time wherein a heavy Body falls perpendicularly 
the 7hrough the Diameter. 


ph LET a heavy Body fall from A to C, on the Plane 
the AC; I fay, the Time of Deicent through AC is 
Ve- equal to the Time of Deſcent through the Diame- 
ime ter AB. For the Angle A CB in the Semicircle is 
ugh W a right one, [by 31 El. 3.] whence ſince from the 


Ps 
— 


point C to A C is erected the Perpendicular C B, 
meeting the Perpendicular in B; the Time of De- 
ſcent through A C in the inclined Plane will be [by 

5 — Corol. 


-nds 
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Corol. 1. Probl. 3. ] equal to the Time of the Fall 
through AB in the Perpendicular, I ſay alſo, the 
Time of Deſcent through CB will be equal to the 
ſame Time through AB. Draw CD parallel to AB, 


and DB to AC, and [by 34 El. 1.] CD will be e. 


qual to AB: and by reaſon of the Angle A CB be- 
ing right in the Semicircle, the Angle CBD will be 
a right one. Wherefore fince from the Point B, 
upon CB, is erected at right Angles B D meeting 
with the Perpendicular in D; the Time of Deſcent 
through CB will be [by Corol. Probl. 5.] equal to 
the Time of Deſcent through C D: but CD is equal 
to AB, whence the Time of Deſcent through CB 
will be equal to the Time of Deſcent through AB. 
TE E ſame thing may be otherwiſe ſhewn thus, 
The Time of Deſcent through AB is to the Time 
through EB, in a ſubduplicate Ratio of AB to EB, 
that is, (by reaſon AB. B C, EB, are continual Pro- 
portionals) as AB to BC, or BC to BE; but [by 
Theor. 36.] the Time of Deſcent through B C is to 
the Time through EB in the ſame Ratio of BC to 
EB: wherefore ſince the Times of D-ſcent through 


AB and BC have the ſame Ratio to the Time of 


Deſcent through E B, they will be equal, Q, E. D. 
Cor. I. Ir the Perpendicular A B is drawn, and 


upon 
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upon the Diameter A B is deſcribed a Circle, all the 
Planes drawn from the Point B, or from the Point A 


to the Circumference of the Circle, will be run over 
in the ſame Time: namely, the Planes AB, CB, 


DB, EB, FB, GB, will be paſſed over in the ſame 
Time. ** 1 8 

Cor. 2. IF in the higheſt Point A, any number of 
Circles, ABD, A G K, touch each other; and any 
number of Planes proceed from A, as AB, AC, AD, 


OH. 


4 


AE, interſecting the Circles: the Parts GE, HB, 


LC, K D, will be paſſed over in an equal Time, if 


the Motion is begun at the higheſt Point A. 
RER. -XL. 


Ir two heavy Bodies deſcend in two or more Planes, in- 
clined alike, and proportional; the Times ſpent in run- 
ning through them, will be in a ſubduplicate Ratio of 
the Lengths of the Planes. 


LET any heavy Body run through the Planes 
AB, BC, but another heavy Body run through the 
Planes DE, E F, inclined alike to the Horizon, and 
proportional 3 that is, that the Angles BAG, E DH, 
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are equal, asarealſo BG A, EHD; and A Bis to 
BCasDEtoEF. I fay, the Time wherein A B, 
BC, are paſſed over, to the Time wherein DF, 
E F, are paſſed over, has a ſubduplicate Ratio of the 
Planes A B, BC, to the Planes DE, EF. By reaſon 
the Triangles ABG, DE H, are equi-angular, AB 
is to DE as BG ro EH; but, by Hypotheſis, as 
AB to D E ſo is B C to E F, wherefore as B G to 
EH ſo is B C to EF; and fois [by 12 El. 5. ] GC 
to HF. But becauſe AB, DE, are inclined alike, 
they will be paſſed over juſt after the ſame manner, 
as if they were Parts of the ſame Plane: fo that the 
Time of Deſcent through AB will be to the Time 
of Deſcent through DE, in a ſubduplicate Ratio of 
AB to DE; and the Time of Deſcent through 
GC is to the Time of Deſcent through HF, in a 
ſubduplicate Ratio of GC to HF, or in a ſubdupli- 
cate Ratio of AB to DE. But the Time of De— 
ſcent through G B is to the Time of Deſcent through 
H E, in a ſubduplicate Ratio of G B to HE, or AB 
to DE; ſo that [by 19 El. 5g. ] the Time of Deſcent 
through B C, after the Deſcent from G or A, is to 
the Time of Deſcent through E F after the Deſcent 
from Hor D, in a ſubduplicate Ratio of AB to 
DE; that is, as the Time of Deſcent through AB 
to the Time of Deſcent through DE. So that [by 
12 El. g.] the Time of Deſcent through AB, BC, 


will be to the Time of Deſcent through DE, EF, 


as 
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as the Time of Deſcent through A B, to the Time of 
Deſcent through D E, or in a ſubduplicate Ratio of 
AB to DE: but by reaſon AB is to D E as BC to 
EF, AB will be to DE as AB, BC to DE, 
EF. So that the Time of Deſcent through AB, 
BC, will be to the Time of Deſcent through DE, 
EF, in a ſubduplicate Ratio of AB, BC, to DE, 
EF. Q, E. D. The ſame thing, in like manner, 
might be ſhewn, if there were more Planes on both 


Parts inclined and proportional; whence the Propo- 


fition is manifeſt. „„ WED, 

Cor. Ir there are two curve Superficies AB, DE, 
ſimilar and ſimilarly poſited, theſe very little differ 
from an infinite Number of Planes, infinitely ſmall, 


D 


B 
and proportional, and inclined alike to one another; 
ſo that the Time of Deſcent through the Superficies 
AB, will be to the Time of Deſcent through the 
Superficies DE in a ſubduplicate Ratio of AB to 
. LE 
Tas Space AB being given in any inclined Plane, and 
which ts paſſed over in a given Time by a heavy Body 
falling from reſt ; to find a Space in another contiguous 
Plane B G, that will be paſſed over in an equal Time, 
by the heavy Body continuing its Mction along this ſe- 
cond Plane. | IS, 
THROUGH 


222 


E 


_ paſſed over. 
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A. 


PROBL. VI. 


THRovcH A draw the Horizontal right Line 
AE, and produce BG to E; make BD 
A B, and take EC a third proportional to the right 
Lines EB, E D. Then B C will be the Space in the 


equal to 


E 


ſecond Plane that is paſſed over by the heavy Body 
continuing its Motion, in a Time equal to that, 
wherein it paſſed over AB in the firſt Plane. For 
let AB or BD expreſs the Time of Deſcent through 
AB, whence [by Corol. Theor. 36.] E B will express 
the Time of Deſcent through EB. But the Time 
of Deſcent through EB is to the Time of Deſcent 
through E C, in a ſubduplicate Ratio of EB to EC, 
that is, as B to ED; but EB is the Space that 1s 
paſſed over in the Time as EB; fo that E C will be 
the Space that is paſſed over in the Time as ED, 
and conſequently B C is the Space that is paſſed over 
in the Time as DB or AB, after the Fall from E or 
A. Which was to be found out. 


TAE Space A being given in an inclined Plane, which 
is paſſed over in a given Time by a heavy Body falling 
from reſt ; as alſo the Space BC in another contignous 
Plane, wherein the heavy Body continues its Motion : 
to find the Time wherein that given Space B C will be 
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; THROUGH A draw the Horizontal Line A E, 
ine which let B meet produced in E: betwixt EB, 
Ol FC, let ED be a mean Proportional. And if AB 
repreſents the Time wherein AB is | Paſled over, 
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BD will 1 the Time ſought, wherein BC 

. will be paſſed over. For the Time of Deſcent 
" W through AB is to the Time of Deſcent through 
EB, as AB to EB; ſo that EB will expreſs the 
Time wherein the heavy Body will fall through E B: 
but the Time of Deſcent through E B is to the Time 
of Deſcent through E C, in a ſubdupticate Ratio of 
EB to EC; or, by reaſon EB, ED, E C, are con- 
tinual Proportional, as EB to ED: but EB is as 
the Time of Deſcent through EB, whence D B will 
be as the Time of Deſcent Through B C. And con- 
ſequently the Time of Deſcent through A B, will be 
to the Time of Deſcent through B C, as AB to 
BUD: XX +. 

Cor. H x e E if a heavy Body is carried ſucceſſive- 
ly through many inclined Planes A B, B C, CD, the 
Time may be aſſigned, wherein 1t will be movin 
through cach of them : for produce B C, C D, that 
they may meet with the Horizontal right Line drawn 
through A, in the Points E and F, and: let E G be 
a mean Proportional betwixt EB and EC; as FH 
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D 


betwixt FC and FD: And if AB expreſſes the 
Time of Deſcent through AB, B G will expreſs the 
Time of Deſcent through B C, and CH will expreſs 
the Time of Deſcent through CPP. 
Def. Ir any heavy Body A, is hung by a fine 
String moveable about a Center B; the heavy 
Body, together with the String, is called a Pen- 
dulum. Now if the Pendulum is ſwung about B, 


ſo that the heavy Body may deſcribe the Arch 
CAD, the ſame Motion will happen to this heavy 


Body, as would to any Body defcending by its 5 
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vity along the ſpherical Superficies CAD, if that 


Superficies was perfectly hard and ſmooth. For we 
ſuppoſe the Motion about the Point B to be intirely 


free, and we abſtract from the Conſideration of the 
Air's Reſiſtance, which in heavy Pendulums is very 
inconſiderable: if the Pendulum is carried to the 
Situation BC, and let fall from thence, the heavy 
Body in deſcending will deſcribe the Arch C A, and 
in the Point A it will have that Velocity which is 
acquired by falling through C A: with which Velo- 


city it will endeavour to go out by the Tangent in 


the Point A, [by the firft Law.] But ſince it is by 


the String A B kept in the Circumference CAD, it 


will aſcend through the Arch AD to the ſame 
Height, namely, to D, with that from whence it 
fell, [by Corol. Theor. 37.] where having loſt all its 


Velocity, it will again begin to deſcend by its own | 


Gravity; and in the Point A it will acquire the for- 


mer Velocity, wherewith it will aſcend to C: and 
ſo by aſcending and deſcending, it will perform 


continual Vibrations in the Circumference CAD. 
And if the Motions of Pendulums met with no Re- 
ſiſtance from the Air, and if there was no Friction at 
the Center of Rotation B, the Vibrations of Pendu- 
lums would never ceaſe; but from theſe Cauſes, the 
Velocity of the Pendulum in the Point A is a little, 
tho* very inſenſibly diminiſhed in every Vibration; 
whence it falls out, that the Ball of the Pendulum 
does not return preciſely to the ſame Point, but the 
Arches which it deſcribes conſtantly become ſhorter, 
till at length they grow inſenſible. 
FTHEOR. XII. 
TH E ſinall Vibrations of the ſame Pendulum, the* they 
ſhould be unegual, are almoſt and to Senſe performed in 
the ſame Time, Sri 
LeT AB be a Pendulum, which by vibrating de- 
ſcribes the uncqual Arches CB D, FBG; I ſay, the 
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Times taken up in deſcribing them are nearly equal; 

or the Vibration in the Arch CBD will be nearly 
erformed in a Time equal to that, wherein the Vi- 

2H; in the Arch FB G will be performed, if the 


lA. 


„% em 


= 
V 


F 


Arches CB, FB, are not too large. Draw the Sub- 
tenſes CB, FB, DB, GB, and becauſe the Arches 
are ſuppoſed very ſmall, they differ not much either 
in Length or Declivity from their Subtenſes d 
Chords : and conſequently the heavy Body takes up 
equal Times, whether it is carried along the Arches 
CB, FB, or the Subtenſes of thoſe Arches ; but 
the Times of Deſcent through the Subtenſes of 
Arches are equal, [by Theor. 37.] wherefore the 
Times of Deſcent through the Arches CB, FB, vil 
be nearly equal ; and therefore the Doubles of theſe 
Times, namely, wherein the unequal Arches CBD, 
FB G, are deſcribed by vibrating, will be alſo equal. 
Wherefore the Vibrations of the ſame Pendulum, 
though running out into unequal Arches, are to 
Senſe at leaſt of equal Duration. Q; E. D. 


EXPERIENCE agrees with this Theorem; for 
two Pendulums of equal Lengths being put in mo— 
tion, and whereof one deſcribes much greater Arches 
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than the other, they will nearly obſerve equal Times 


in their Vibrations; ſo that in a hundred Vibrations 


there will ſcarce be the Difference in Time of one 
Vibration, | 


TT HEOR.. XLII. 
Tu Durations of the Vibrations of two Pendulums, de- 
ſcribing ſimilar Arches, are in a ſubduplicate Ratio of 
the Lengths of the Pendulums. 5 


r there be two Pendulums AB, CD, vibra- 
ting in ſimilar Arches EB F, G DN; the Time of 
2 Vibration of the Pendulum AB will be to the 


þ 


Time of a Vibration of the Pendulum C D, in a ſub- 
duplicate Ratio of the Length AB to the Length 
CD. For becauſe the Arches EB, GD, are ſimilar, 
and poſited alike, the Time of Deſcent through EB 
will be [by Theor. 39.] to the Time of Deſcent 
thiough GD, in a ſubduplicate Ratio of EB to 
GD; but the Time of Deſcent through E B is half 
a whole Vibration in the Arch EBF, as the Time 


of D-ſcent through G D is half a Vibration in the 


Arch GD; ſo that the Time of Vibration of the 
" SS 4 Pen- 
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Pendulum in the Arch E BF will be to the Time of 
Vibration of the Pendulum in the Arch G DH, in 
a ſubduplicate Ratio of EB to GD; that is, by rea- 
ſon the Arches EB, GD, are ſimilar, in a ſubdupli- 
cate Ratio of the Semidiameter AB to the Semi- 
diameter CD, or in a fubduplicate Ratio of the 
Length of the Pendulum AB to the Length of the 
Pendulum CD. 9, E. D. . 
Cor. Tu E Lengths of Pendulums are in a duplicate 
Ratio of the Times wherein the Vibrations are per- 
. formed. 3 
Stor the Durations of the Vibrations are reci- 
procally as the Number of Vibrations performed in 
the ſame Time, there may be eaſily found from a 
given Number of Vibrations that are performed by 
a Pendulum A B of a known Length in a given T ime, 


the Number of Vibrations that are performed in the | 


fame Time by any other Pendulum CD of a knom 
Length ; by taking a Number that is to the Number 
of Vibrations of the Pendulum A B, in a ſubduplicate 
Ratio of AB to CP, or as AB to a mean Propor- 
tional betwixt ABand CD; or as the ſquare Root 
of a Number whereby is expreſſed the Length of the 
Pendulum A B, to the ſquare Root of the Number 
whereby is expreſſed the Length of the Pendulum 
CD. And alternately from the given Number of 
Vibrations that are performed in the ſame Time by 
two Pendulums AB, CD, and the Length of one, 
namely, AB being given ; there will be given the 
Length of the other CD, viz. by making the Square 
of the Number of Vibrations of the Pendulum CD 
to the Square of the Number of Vibrations of the 
Pendulum AB, ſo the Length of AB to CD tht 
Length fought. 3 
TH EOR. MI. 
T n x Velocity of a Pendulum, in its loweſt Point, is d 
the Subtenſe of the Arch which it has deſcribed in i 
Deſcent. LET 
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in the Deſcent through FB, as DB to CB; but the 


Velocity acquired in the Deſcent through the Arch 


DB, is the ſame with the Velocity acquired in the 
P-rpendicular through EB; and the Velccity ac. 
quired in the Deſcent through the Arch CB, is the 
fame with the Velocity acquired by the Deſcent in the 
Perpendicular through FB Wherefore the Velocity 
acquired in the Deſcent through the Arch DB, will 
be to the Velocity acquired in the D-ſcent through 
the Arch CB, as the Subtenſe DB to the Sub. 
baſe TB. ED: -: 

Cor. I. L,+ T GB bea Perpendicular of any Length, 
and let the Velocity cquied by the Deſcent of a 
heavy Body from G to B, be expreſſed by GB; 
upon which, as a Diameter, let be deſcribed a Semi. 
circle GDCB, and from any Point of the Diameter 
E let be erefted the Normal ED, meeting the Cir- 
cumference in D, and let be drawn the Chord GD; 


this will be as the Velocity acquired by the heavy 
Body in falling from the Height G E: for by reaſon 
BG, GD, GE, are continual Proportionals, the 
Ratio of BG to GD, will be ſubduplicate of the Ra- 
tio of BG to GE, ſo that BG will be to GD, as 
the Velocity acquired by falling from the Height 
GB, to the Velocity acquired by falling through 
GE. In like manner, the Velocity acquired by fal- 
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ling trough GB, is to the Velocity acquired by the 
Fall through G F, a; GB to GC: lo that the Velo- 
citi-s acquired by heavy Bodies, in falling through 
the Heights GE, GF, are as the Chords GD, GC. 

Cor. 2. Ir the Arches BI, B2, B;, Sc. are taken 
in ſuch a manner, that their Subtenſcs are as 1, 2, 3, 
Se. reſpectively; and a certain Force acting on it, 
ſhould comp-'l the Pendulum to move upwards 
through the Arch B 1, but another Force make it 
move through the Arch B 2, and another through 
the Arch B 3, the Velocities of the Pendulum put in 
motion by theſe Forces, will be in the Point B, re- 
ſpectively as 1, 2, 3. 

B y the help of this Theorem, various Velocities 
in any given Ratio may be communicated to a move- 
able Body; and other Velocities acquired by the 
Percuſſion of another Body, may be compared a- 
moneſt themſelves, and with others that were given 
at the beginning. e . 

LET ABC be a Triangle made of Wood, wherein 


near the Angle A let be taken two Points D, E, 


whoſe Diſtance let be ſuch, that the two Pendulums 
DF, E G, hanging freely from thence, may touch 
each other; and with the Centers D, E, and Inter- 
val D F, or E G, let be deſcribed the Arches of Cir- 
cles FK, GH, in which let be taken the Portions 


F 1, G1, F 2, G2, Fg, Gg, F 4, G4, Sc. in ſuch a 


manner, that their Subtenſes may be as 1, 2, 3, 4, Cc. 
reſpectively: and if the heavy Body F be raiſed up 
to the Point g in the Arch K F, but G to the Point 
3 in the Arch GH, and are both let down at once, 
[by Theor. 41.] they will arrive in the ſame Time at 


the loweſt Points, and the Velocities wherewith they 


will ſtrike one another, will be asg and 3; but if 
after the Stroke the moveable Body G aſcends to 5 
in the Arch GH, and the moveable Body F aſcends 
o 3 in the Arch FK, the Velocities of the move- 
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A 


able Bodies F and G will be reſpectively as 3 and 5, 


and towards the contrary Parts. After this manner 
it will be eaſy to try by Experiments the Rules of 


Motion as well in hard as elaſtick Bodies, which we 


have demonſtrated in the 13th and 14th Le&ures. 
SINCE the very ſmall Vibrations of theſe Pendu- 
Jums are nearly of equal Duration, altho' the Arches 


they deſcribe are unequal ; hence the great Monſ. Huy- 
gens has ſhewn the vaſt Uſe of Pendulums to regulate 


the Motions of Clocks. For although Gallileo, the Au- 
thor of this Science, firſt made uſe of Pendulums in 


Aſtronomieal and Philoſophical Obſervations, which 
require an accurate Meaſure of Time; yet Huygens 
firſt adapted Pendulums to Clocks, and proved by 


Experience that ſuch Clocks were far more correct 


than the former, which were regulated by Horizon 
tal Ballances. From that time theſe N 
8 Clocks 
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Clocks have been in common ule, whereof ſome have 
been ſo elaborately made, that they give the Mea- 
ſure of Time much more corte & than the Sun, 
which ſhews only the apparent or relative Tim 
not the true and abſolute: whence it happßp 
Pendulum Clocks ſhew at Times the Hoe 
from the apparent one, and ſometimes ee 
Time ſhewn by a Sun-Di ] by fitter fs 
nutes, and ſomerimcs falling a mich fo wo 1 
Time: nor does the Sun and Pendulum Clocks ſhe e 
the ſame Point of Time, except four tun; a ycar. 
ALTHOUGH che Vibrations of the ame Pendbu- 
lum (notwithſtanding it deſcribes un-qual Ar hes) 
are nearly and to Senle of equal Duration; yet ſince. 
they are not altogether and geometrically ſuch, but 
the greater are a ſomewhat longer time in deſcribing 
than the leſs, and the Vibrations differ from each 
other a ſmall Quantity in Time; from many of theſe 
very ſmall Differences at length there do ariſe a ſuffi- 
cient large Difference, and this is found to be ſo by 
6, Experience : For if, as it ſometimes happens in cold 
ner Weather, the Wheels are clogged, ſo that they com- 
of municate a leſs Force to the Pendulum, the Vibra- 
we tions become leſs, and the Time ſhewn by the 
Clock is too faſt ; if the Wheels are too glibe, and 
Ju- force the Pendulum to deſcribe larger Arches, then 
hes the Times are pointed out too lowly. And from ſome 
15 late Experiments mentioned in the Philoſophical Tranſ- 
ate ations, it appears that the Pendulum of a Clock 
u- placed in vacuo, the Reſiſtance of the Air being thus 
in removed, performed its Vibrations in larger Arches, 


ich and took up more Time in each Vibration. Where- 
ens fore that the Vibrations of a Pendulum might be re- 
by duced to an exact Equality, and that its Reciproca- 
ect tions, whether performed in greater or leſs Arches, 


- might be made in equal Times ; Monſ. Huygens found 
5 out a Method, whereby the Ball of a Pendulum may 
ck | | be 
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be always carried along the Arch of a Cycloid. We 
ſhall now demonſtrate in the following Theorems, 
that the Times of Deſcent through any, Arches of 
the ſame Cycloid to its loweſt Point, which is ſup- 
poſed to be its Vertex, are equal to one another; 
ſo that if the Ball of a Pendulum is always moved in 
the Arch of a Cycloid, the Times of its Vibrations 
will be exactly equal amongſt themſelves, whether 
the Pendulum deſcribes greater or leſs Arches. 


THE OR. XIIV. 


Ir with the Center C, and any Interval CA, there is di. 
ſcribed the Duadrant of a Circle AHB, and in th: 
right Line AC a moveable Body deſcends with thi 
Law, that it; Velocity in any Point P ſhall be always a; 
PL, the Sine of the Arch AL; the Time wherein the 
Body deſcends from A to C, will be equal to the Time 
wherein it might have run through the Circumferentt 
AHB, with a uniform Velocity as CB, which is at- 
quired ot the laſt by the fallirg Body. Beſides, the 
Time of the Pall through any Space AF, will be to the 
Time of the Fall through the Space Ap, as the Arth 
AH tw the Arch Al, and the Farce wherewith the 
Body is accelerated in any Place F, will be as F C, tte 

Diſtance of that Place from the Center, 


L x T the Circumference A B be diſtinguiſhed into 
innumerable infinite ſmall Parts L, L, L, L, and let be 
drawn FH, PL, PI, perpendicular to A C; jon 
HC, and let HK be perpendicular to PL. Becaufe 
the Triangles FHC, K HL, are equi-angular, (for 
beſides the Angles atF and K being right ones, the 
Angle FH C is equal to the Angle K H L, the 
Angle K H C being the Complement of both to 4 
right Angle) FH will be to HC as KH or FP to 
HIL: but [by Hypotheſis] F H is as the Velocity of 
the moveable Body in the Point F, namely, mw 

wit 
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| the Arch H L will be defcribed. The Velocity there- 

0 tht fore of the Body deſcending through the infinitely 

Arc) il ſmall Line F, will be to the Velocity of the Body 

ble that is moved through the Arch H L, as FP to the 

, the Arch HL, Wherefore ſince the Velocities are pro- 

portionable to the Spaces paſſed over, the Times 

4 wherein thoſe Spaces are paſſed over will be equal. 

into After the ſame manner it may be demonſtrated, that 

t be any other Particle LL of the Circumference may be 

Jon W deſcribed with the Velocity CB, in the ſame Time 
aufe wherein the correſponding infinitely ſmall Line PP 

(for in the Perpendicular will be deſcribed with the cor- 

the reſponding Velocity P L ; and conſequently by Com- 

the poſition, the moveable Body will deſcend through all 
0 4 the infinitely ſmall Lines PP, that is, through the 
P to whole AC, in the ſame Time wherein all the Arches 
y of LL, or the whole Circumference AH B is paſſed 
ao oyer, with a uniform Velocity as CB. 2, E. D. 


B- 
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BESI DES the Time wherein the moveable Body 


deſcends from A to F, is equal to the Time where- 
in che Arch AH is paſſed over; and the Time 


wherein it deſcends from A to p, is equal to the 


Time wherein the Arch A / is deſcribed ; but the 
Time wherein the Arch A H is paſſed over, is to the 
Time whercin the Arch A is paſſed over, (ſince 
they are both deſcribed with the ſame Velocity) as 
the Arch AH to the Arch A /; wherefore the Time 
of Deſcent from A to F, will be to the Time of De- 


ſcent from A to 7, as the Arch AH to the Arch 


A]; and conſequently by Diviſion the Time of De- 
ſcent through F p will be as the Arch Hb. 2, E. D. 
Mak E the Arches HL, hl, equal; whence the 
Time of D-iccnt through F P will be equal to the 
Time through fp: and by reaſon the Triangles 
K HL, F H C, as alfo & 5, fbC, att ſimilar; KL 
will be to HL or 5% as FC to CH or C'»: Alſo o! 


is to x las CH to Cf; and conſequently, by Equality, 


K will be to E as CF to C/: but KL 1: as the In- 
crement of the Velocity acquired whiiſt the Body 

fled over FP, and 1 is as the Increment of the 
Body's Velocity, whilſt it paſſ-d over in an equa! Time 
the infinite ſmall Line fp; bur the Forces wher- with 
the Body is accelerated in the Places Fand 7, are as the 
Increments of the Velocities gen rate 
Times; the acctlerating Forces th-rctore of the 
moving Body in the Places F and f will! be as the 
right Lines K L, XI; that is, the Force whorewith a 
Body is urged in F, is to the Force whercwith a 


Body is urged in f, as the Diſtance GF to the 


Diſtance CP. The accelerating Forces therefore 
are in any Places as their Diſtances from the Cen- 

1 
Cor. HEN converſly if a moveable Body in de- 
ſcending from A to C is urged by a Force which is 
as its Diſtance from the Center; and that Force « 
| IE the 
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the beginning of Motion is expreſſed by the right 
Line DE, the Arch A E being taken infinitely ſmall, 
the Velocities of the ſame Body in any Places F, f, 
will be expreſſed by the Sines FH, /b, and the 
Times by the Arches AH, Ah, and the Increments 
of the Velocities ; or if the Arches increaſe equally, 

the accelerating Forces will be expreſſed by the In- 
crements of the Sines. | | 


 THEOR. XLV. 


Ir a moveable Body be ſollicited in the right Line A C io- 


wards the Point C, with Forces that are proportionable 
to the Diſtances from the Point C, from whatever 
Height it falls, it will arrive at the Point C always 
in the ſame Time; and that Time is to the Time wherein 
a moveable Body may paſs over the ſame way, with 4 
Velocity that is uniform and equal io that which is 
acquired at laſt by falling, as half the Circumference 
of a Circle to its Diameter. e 


L 2 T two moveable Bodies be let fall at once from 
the Points A and M, and let both be ſollicited by 
| K | 
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Forces that are proportionable to their Diſtances 
from the Point C; I ſay, both the Bodies will arrive 
at 
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at the Point C in the ſame Time. With the Center 
C, and Intervals CA, CM, let be deſcribed two 
Quadrants of Circles AB, MN, and let the Force 
whereby the Body A is urged, or, which is the ſame 
thing, its Velocity at the beginning of Motion be 
repreſented by DE, the Sine of the infinitely ſmall 
Arch AE; it is manifeſt from the Corol. of the pre- 


ceding Theor. that its Velocity, after the Fall to C. 


will be repreſented by the right Line CB. But, by 


Hypotheſis, the Force wherewith the moveable Body 


is accelerated in A, is to the Force whetewith the 
moveable Body 1s accelerated in M, as CA to CM, 


or as DE to PO, by reaſon the Arches AE, MO, 
are ſimilar: wherefore if DE expreſſes the Velocity 
of the moveable Body at the beginning of the Fall 


from A, PO will expreſs the Velocity of the move. 
able Body at the beginning of the Fall from M ; and 
conſequently [by the ſame Corol. J CN will expreſs 


the Velocity of the Body in C after its Fall through 


M C. Beſides, the Time of the Fall from A toC, 
is equal to the Time wherein may be deſcribed the 
Circumference A B, with a uniform Velocity as CB; 


and the Fime of the Fall from M ro C, is equal to 


the Time wherein is deſcribed the Circumference 
MN with a Velocity as CN. But the Time 
wherein 1s deſcribed the Circumference AB with the 
Velocity CB, is equal to the Time wherein is de- 
ſcribed the Circumference M N with the Velocity 
CN, (by reaſon it is AB: MN:: CB: CN, name- 
ly, the Spaces paſſed over are proportionable to the 


Times) wherefore the Time of the Fall from A to 


C, will be equal to the Time wherein the Body de— 
ſcends from M to C. Q, E. D. | 
Tur Time wherein the moveable Body paſſes 
over the right Line AC, with the Velocity CB, 5 
ro the Time wherein it runs through the Arch AD 
with the ſame Velocity, as the right Lin- AC to 
| 85 che 
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Lect. 15. Natural Philoſophy. 
the Arch AB, or as its Double to the Double of 
this; that is, as the Diameter of the Circle to half 


239 


its Circumference : but the Time of Deſcent through 


the Arch AB is equal to the Time of Deſcent to C; 


whence the Time wherein a Body is carried through 
the right Line A C with a Velocity as CB, will be 
to the Time of the Fall to C, as the Diameter of the 
Circle to half the Circumference. Q, E. D. 
 Dejia. I x a Circle inſiſting on the right Line Bb, 
and touching it in its Point þ, is ſuppoſed to revolve 


upon that right Line, and by its Circumference be- 


b 


ing continually applied to ir, to meaſure a right 


Line BA equal to that Circumference, till the 
Point b being carried aloft, and ſo deſcribing in its 
Motion the Curve B G b, and having finiſhed its Cir- 
cuit, it again touches the right Line BA in the 
Point 5; the Curve deſcribed by the Motion of the 
Point is called a Cycloid. And the Figure BGD AB 


is called the Figure of the Cycloid ; the right Line 
G A biſecting the Baſe perpendicularly, the Axis of 


the Cycloid; and the Point G the Vertex of the Cy- 


cloid, The Circle is named the generating Circle, 


and its Point þ the defcribing Point. 


LEMM A. 
Ir the generating Circle is placed about the Axis 
of the Cycloid, and trom any Point of the Cycloid C 
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is drawn ordinately to the Axis the right Line CE, 
meeting, with the Circumference of the Circle in D; 
the right Line CD will be equal to the circular 
Arch GD, the Arch of the Cycloid G C will be 
equal to double the Chord G D; and the Semi-cycloy 
B CG will be equal to twice the Diameter A G: but 
the right Line CF touching the Cycloid in C, vil 
be parallel to the Chord DG. All theſe thingy 
have been demonſtrated by Dr. Wallis, and others 
who have wrote concerning the Cycloid. 


THE OR. XLVI. 


I x a Cycloid whoſe Axis is placed perpendicularly to the 
Plane of the Horizon, and its Vertex downwards, the 
Times of the Deſcents wherein a moveable Body urged ly 

tbe Force of its Gravity, and let fall from any Point in 
it, will arrive at the loweſt Point, are equal among 
themſelves ; and have to the Time of the perpendicular 

Fall through the Axis of the Cycloid, the Ratio that haf 
the Circumference of a Circle has to its Diameter. 


LET ACD be a Cycloid, whoſe Axis is CE, ge- 
_ nerating Circle ECG. Since the right Line touch. 
ing the Cycloid in any Point H, 1s parallel to 
the Chord CG drawn in the generating Circle 
placed on the Axis of the Cycloid; it is manifeſt, 
+ the moveable Body in its Deſcent will be acce- 
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if it deſcended in the right Line GC; but the 
Force wherewith it is accelerated in G C, is to 
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the Force of Gravity as M C to GC: but as MC to 
GC, ſo is GC to CE, [by Cor. 8. Prop. El. 6. 
wherefore the Force wherewith the moveable Body 
is accelerated in the Point H, is to the Force of Gra- 
vity as GC to CE. By the ſame reaſon, the Force 
of Gravity is to the Force wherewith the moveable 
Body is accelerated in any other Point K, as CE to 
CL; wherefore by Equality the Force wherewith 
the moveable Body is accelerated in H, 1s to the 
Force wherewith it is accelerated in K, as GC to 
LC, or as twice G C to twice LC, that is, as the 
Curve of the Cycloid HC to the Curve K C. The 
Forces therefore wherewith the moveable Body in 
deſcending along the Cycloid is accelerated, are as 
the Lengths of the Curve run through. Let us now 
put the right Line ac equal to the Length of the 
Curve A C, and let any moveable Body be ſuppoſed 
to be urged with the ſame Forces in the right Line 
ac towards c, as the moveable Body 1s urged, in de- 
ſcending along the Curve AC; but the Forces 
wherewith the moveable Body is urged, in any Points 
H and K of the Cycloid, are as the Lengths H C, 


K C, or hc, kc: that is, the Forces in any Places are 


as the Diſtances of thoſe Places from the Point c, 


and conſequently [by the preceding Theor.] the 
Times of Deſcent from any Height will be equal. 
Becauſe therefore in the correſponding Points of the 
Cycloid and right Line ac, the accelerating Forces 
are equal, the Increments oi the Velocities will be 
alſo equal: as, for example putting A H= ab, the 
Accelerations in the Points H and + will be equal, as 
alſo in the Points K and +, fo that AK is made 
Sar; and in like manner, in all the other Points of 
both Lines, which mutually anſwer to one another, 
the Increments of the Velocities will be equal: ſo. 
that if the Bodies begin to deſcend from correſpond- 
ing Points, the Sums of the Increments, or the Ve- 
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locities acquired in deſcribing equal Spaces, will he 
equal ; and conſequently the Times wherein theſe equal 
Spaces are deſcribed with equal Velocities, will be 
equal. Therefore the Time of Deſcent from a to; 
in the right Line a c, is equal to the Time of Deſcent 
from A to C in the Cycloid; and the Time of Deſcent 
from h̊ to c in the right Line H c, is equal to the Time 
of Deſcent from H to C in the Cycloid; and in like 
manner, the Time of Deſcent through K C, is equal 
to the Time through xc, if the beginning of the Fall 
is from the Points k, K: and fo of the reſt. But the 
Time of the Fall from à to c, is equal to the Time of 
the Fall from h to c, or from k to c ; wherefore the 


Time of Deſcent in the Cycloid from A to C, mil 


be equal to the Time of Deſcent from HF to C, or 


from K to C. The Times therefore of Deſcent, where- 


in a moveable Body, let fall from any Point in the 


Cycloid will arrive at the loweſt Point, are equal 2. 


mongſt themſelves. Q. E. D. : 

MoRrEoveR, the Time of the Fall from ator, 
is to the Time wherein ac, or 2 E C, is paſſed over 
with the Velocity acquired at the laſt, as the Ci 
cumference of a Circle to its Diameter; but the 
Time wherein 2 EC is paſſed over with the ſame 
Velocity, is equal to the Time wherein the move- 
able Body, falling by its Gravity, deſcends through 
EC, the Axis of the Cycloid : whence the Time 0 
Deſcent through ac or AC, will be to the Time 
wherein the heavy Body deſcends through the Ax» 
of the Cycloid, as the Semi-Circumference of a Cirdl 
to its Diameter. FE 1 

Cor. THE Time wherein a heavy Body deſcend: 
in the Cycloid through the Arch AC, and aſcends 
through CD, that is, the Time of the Motion in 4 
Cyclois A CD, is to the Time of the perpendicul 
Fall through the Axis of the Cycloid, as the whole 


Circumference of a Circle to its Diameter. 
= | H x NC“ 
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HE N E if the Ball of a Pendulum performs its 


Vibrations in a Cycloid, whether it deſcribes greater 


or leſs Arches, each Oſcillation will be always finiſhed 
in equal Times. Now M. Huygens, in the third Part 
of his Horologium Oſcillatorium, hath delivered a Me- 
thod whereby the Ball of a Pendulum may vibrate in 
a Cycloid or any other Curve: namely, by finding 
out a Curve, by whoſe Evolution a given Curve will 
be deſcribed 3 then two Plates muſt be bent into the 
fame Curvature, betwixt which the Ball being ſuſ- 
pended by a String of a determined Length, will 


deſcribe, not a Circle, but ſome other Curve, Let 
there be two Plates A CB, A E D, curved into ſimi- 
lar and equal Figures ; and from the Point A let be 


A. 


wy. 
B 
EN 


ſuſpended the Thred of the Pendulum, which whilſt 
the Pendulum oſcillates, may be applied to the Plates 
A CB, A ED, which it conſtantly touches: by the 
Application of the Thred to the Plates, the Motion 


of the Pendulum in a Circle is continually prevented, 


and its Ball is carried thro' the Curve B PF D. The 
Curve AC B or AE D is called the Evolute, and the 
Curve B PF is faid to be deſcribed by Evolution, 
Now if the Curves AC B or AED are two Semi- 

| 8 Cycloids, 
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Cycloids, whoſe Axes or Diameters of the gener. 
ting Circles are equal to F G or AG, namely, i 
half the Length of the Pendulum; the Curve B P FD 
through which the Ball deſcends, becomes a whole Cy. 
cloid, whoſe Axis FG is half the Length of the Pendy. 
lum, as has been demonſtrated by Huygens and others, 
S1NceE the Portion of the Cycloid near the Vertex 

F is deſcribed by the Motion of a String whose 
Length is AF, and a Circle whoſe Center is A, Se. 
midiameter AF is deſcribed by the ſame String; 
that Circle paſſing through F, almoſt coincides with 
the Portion of the Cycloid near the Vertex F, and i 
of equal Curvity with it. A heavy Body therefor 
is carried to F, through a ſmall Arch of a Circk, 
and through the Arch of a Cycloid, to which that 
Circle is of equal Curvity, in the fame Time, 
HE NC E again the Reaſon is manifeſt, why the 
Times of Oſcillation of a Pendulum performing {mil 
Vibrations in a Circle, are equal: For if the Arche 
CAD, GAF, are ſmall, they almoſt coincide wit 


A. | . 
the Portion of a Cycloid near its Vertex; the Axis 
of the Cycloid being A K, half the Length of the 

Pendulum. So that the heavy Body deſcends through 
the Arches of a Circle C A or GA, almoſt in the 
ſame Time, as it would deſcend through the Arches 

| of a Cycloid nearly coinciding with them: but it de- 

ſcends in equal Times through any Arches of . Oo 

EY cloid; 
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Lect. 1 5. Natural Philojop.,,, 245 
cloid; wherefore the heavy Body alſo will fall in ed. | 
Times through the ſmall circular Arches CA, G A; 
and conſequently the whole Oſcillations through the 
Arches CAD, G A F, are perform'd in equal Times. 

THE Time therefore wherein a Pendulum per- 
forms a very ſmall Oſcillation in a Circle, is equal to 
the Time wherein an Oſcillation is performed 


through the Arch of a Cycloid, whoſe Axis is half 


the Length of the Pendulum. But the Time where- 
in an Oſcillation is performed in a Cycloid, is to the 
Time of the perpendicular Fall through the Axis of 
that Cycloid, that is, through half the Length of 
the Pendulum, as the Circumference of a Circle to 
its Diameter. And it hence follows, that the Time of 
any the ſmalleſt Oſcillation is to the Time of the Fall 
through the Length of the Pendulum, in a conſtant 


Ratio; namely that, which the Circumference of a 
Circle has to its Diameter multiplied by the ſquare 


Root of the Number 2. : | | 
Ix in different Regions of the Earth, the ſame 
Pendulum ſhall perform its Oſcillations in unequal 


Times, the Times of Deſcent through the Length 
of the Pendulum in the different Regions will be 


likewiſe unequal; and where the Oſcillations pro- 
ceed ſlower, there alſo a heavy Body will deſcend 
flower in the Perpendicular, and in a given Time 


will deſcribe by falling a leſs Space. And it is cer- 


tain by Experiments, that in Places ſituated near the 


Equinoctial, the Oſcillations of a Pendulum of the 
lame Length are performed in a longer Time, than in 


Places that are more remote from the EquinoCtial : ſo 
that heavy Bodies in thoſe- Regions deſcribe in a given 
Time by falling a leſs Space, and are accelerated in 
their Motion by a leſs Force than in our Regions, 
which have a greater Latitude: ſo that it is confirm'd 
by Experiments, that the Action of Gravity is leſs in 
ſuch Places as have leſs Latitude, than in thoſe that are 
nearer the Pole, R 3 Tris 
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246 CE Introduction t0 Lect. 
| 4 His Decreaſe of Gravity ariſes from the centri. 
fugal Force: For ſince from the Rotation of the Earth 
about its Axis, every Body endeavours to recede from 
the Center of rhe Circle it deſcribes, by how much the 
greater thoſe Circles are, by ſo much the greater is the 
centrifugal Force of the Bodies deſcribing theſe Cir. 
cles; which Force therefore is always as the Sine of 
the Diſtance of the Place from the Pole, which as it 
is greateſt under the Equinoctial, is nothing at al 
under the Pole itſelf: ſo that the Force of Gravity 
is the leaſt under the Equinoctial, but at the Pole the 

greateft. ; | | | Fo 

Brron E we finiſh this matter, we ſhall here 


uick 
give a Solution of a famous Problem, firſt ſought will a 
out by Gallileo, after propoſed by Jobn Bernoulli to conſeq 
the Geometers, namely, in the beginning of the Year Curve 
1696; and ſolved by the famous Geometers Sir Hypo! 
Jaac Newton, Mr. Leibnitz, James Bernouilli, the No 
Marquiſs de Þ Hoſpital, and others. The Problem it- W and Oi 
ſelf was thus propoſed. 2 taneou 
| 3 | | but thi 
GIVYEN in a verlical Plane two Points A and B, t Recai 
afſien the Way of a moveable Body, through which it 
deſcending by its Gravity, and beginning 1s Motion at 1 


| the Point A, it may arrive in the ſhorteſt Time poſſible 
at the other Point B. 


TRE above-mentioned Geometers found out, that 
this Line would be a Cycloid paſſing through the Points 
A, B, whoſe Baſe lay in the Horizontal Line drawn 

through A: to demonſtrate which, we ſhall premiſe 
the following N | 
EMMA; 5 

Ir AdgB 5: the Line of ſwifteſt Deſcent, a heavy Body 

will deſcend quicker from any Point of it d, to any other 

Point ef it g, after the Fall from A, through the Curve 


itſelf deg, than through any other way — 
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A. C 


5 


Fo R if you ſay the heavy Body may deſcend 


quicker through 4g, therefore the Way A 4g B 
will be paſſed over in a ſhorter Time than A deg ; and 
conſequently the Curve Ad eg B will not be the 
Curve of ſwifteſt Deſcent: which is contrary to the 
„„ Go 5 

Now let Adeg B be the Curve, its Axis A C, 
and Ordinate applicate dL; the Fluxion or momen- 


taneous Increment of the Axis, let be LO g dh; 
but the Fluxion of the Curve let be de: and let the 


Rectangle under a given right Line, which we will 
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call a and dh or LO, applied to de, be always pro- 
portionable to the Velocity wherewith de is paſſed 
over, that is, the Velocity which is acquired by fal- 
ling from A to d; then this Curve will be the Line 
of ſwifteſt Deſcent. Let de, eg, be taken two con- 
tiguous and infinitely ſmal] Portions of the Curve; 
which conſequently wil! differ but very little from 
right Lines: I ſay, a heavy Body will deſcend in a 
leſs Time r.rough the Curve deg, after its Fall from 
A, than through any other Way 4 fg. Through / 
draw f q parallel to eg. And4ler f q be ſuppoſed to 
be piſſed over with the fame Celerity as eg is paſſed 
over; and let » be perpendicular to de, as allo me, 
gqtofqg. And by reaſon the Triangles f ne, deb, 
are equi-angular, as likewiſe fme, get; de is to dh 


as fe to ne: ſo that it will be 1 22 
eixfe 


reaſon ge is to eiasfe to fm, it will be fm —— 
dhyfe eixſe db ei dhxa eiya 

de ge: S £47 
that is, ze is to Fm, as the Velocity whereby ze 1s 
paſſed over to the Velocity whereby fm is paſſed 
over: whence ne, fin, are paſſed over in equal 

Times. And becauie m4 is equal to 2g, the Time 
of Deſcent through m7 will be equal to the Time 
through eg; ſo that the Time through fq, will be 

equal to the Time through eg. But by reaſon the 

Angle at 9 is a right one, fg is greater than fq; ſo 

that the Time through fg, will be greater than the 

Time through 74, or through eg: and by reaſon 

df is greater than dn, the Time through d f will be 

greater than the Time through 4x. Whence the 
Time through 4f, fg, will be greater than the Time 
through du, ng. A heavy Body therefore will de- 
ſcend from d tog, after its Fall from A, EDGE the 
urve 


but it is 


3 alſo by 
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Curve deg, in a leſs Time than through any other 
Way ; and conſequently the Curve A deg B will be 
the Way of ſwifteſt Deſcent. 
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LET ABM be a Cycloid, paſſing through B, 


whoſe Baſe let be a Horizontal right Line drawn 


through A; that will be the Line, on which a heav 


Body deſcending, will proceed from A to B, in the 
leaſt Time poſſible. Let GNM be half the genera- 
ting Circle, whoſe Diameter G M let be called a, 
and let de be any infinite ſmall Part of the Cycloidal 


L 
Rs 


B NM 


Curve, which will differ but inſenſibly from its Tan- 
gent in d; ſo that it will be parallel to the right 
Line NM: whence the Triangles dhe, N QM. 
G MN, will be equiangular. Wherefore de is to 
d b, as GM or à to GN; and conſequently d hx a 
=dex GN: and GN. Bat {by Cor. uf 
5 80 
Theor. 43.] GN is as the Velocity acquired by the 
heavy Body in falling from the Height G Q, or L d; 
that 'is, as the Velocity wherewith the infinitely 


5 

ſmal Line de is paſſed over. Wherefore < 77 
be proportionable to the Velocity wherewith de is 
| paſſed 
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aſſed over. The Cycloid Ade B therefore is the 
Line of ſwiſteſt Deſcent. Q, E. D. 

Ix the Velocity is ſuppoſed to be as the Height 
from whence the heavy Body falls, the Line of ſwift- 
eſt Deſcent will be the Portion of the Circumference 
of a Circle, whoſe Center is in the horizontal Line 
drawn through A, For by reaſon the Triangles 


dhe, d LC, are equi- angular, dh is to de as dL to 

d C ;and conſequently, it will be q hd CS de x dL, 
d hx d C 

and 40 


portionable to the Velocity: wherefore if 4 C is called 


1h 5. LE oh 
4, — will be proportionable to the Velocity. 


Therefore in this Hypotheſis the Portion of the Cir- 
cumference Ade B will be the Way of ſwifteſt De- 
ſcent. 5 5 by 

Ir the Velocity in any Point be as the Dignity u 


of the Height whence the Body fell, and let AL be 


ealled x, d L be yz it will be d h = x, he=y, and de= 


9 * P55 a Wherefore from the Nature of the 


Curve, 


AL. But by Hypotheſis d L is pro- 
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a m x 2 m 2 
Curve, it will be = m; whence 75 
: BEES: * ＋ 5 
= , and . v n x : Þ gpm yt and n x 
e a 


— 


ym of = y*m y*, and x* — — an ym» and & 2 


M 
m—__L_— Which Equation expreſſes univerſally 


Je —y*m 


the Nature of a Curve, wherein a heavy Body will de- 


ſcend in the ſhorteſt Time, if the Velocity is as any : 


Dignity m of the Height from hence it fell. 


asAAAA AAA 
LECTURE XVI 


* | T have, in the foregoing Lecture, explained 
dd F 5 the Motions of heavy Bodies on inclined 
8 ©) Planes, or curve Superficies ; and their prin- 

wre cipal Properties, as far as was conſiſtent with 
our intended Brevity. It now remains that we ſpeak 
of the Phenomena of Projectiles: and firſt of all, we 
ought to find out the Nature of that Line, which a 
moveable Body projected in free and unreſiſting Spa- 
ces, will Seloribe by the Force of its Gravity, And 
indeed if the heavy Body is projected directly upwards 
or downwards, it will be moved in a right Line; and 


it is manifeſt from the former Lectures, that its Motion 


will be an uniformly retarded or accelerated Motion, 


as it is projected either upwards or downwards. But if 


it is projected in a horizontal Direction, or in any other 
that is oblique to the Horizon, it will be carried in a 
curve Line. 


For 
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252 An Iniroduftion to 
Fo x let the Body be projected or caſt from A, in 
the Direction A V; by the firſt Law of Nature, if no 
other Force acted on it, it would proceed always in the 
ſame right Line, with the ſame Velocity: fo that it 


V 


L 
D 


K 


would deſcribe equal Spaces, A B, BC, in equal Times, 


Let us therefore diſtinguiſh the Time into equal 
Particles; and if after the firſt Particle of Time, 
when the moveable Body ſhall arrive at B, ſome 
Force is ſuppoſed to act on it, by one Impulſe only; 
and to communicate to it a Motion, whereby it 
would be carried (the other Motion being taken 
away) in a Direction perpendicular to the Horizon, 
through the right Line BE, in the Time that it 


would deſcribe the right Line BC; compleat the 


Parallelogram CBED: it is manifeſt from Cor. 2. 
Theor. 30. that the Body, by the Motion com- 
pounded of both the others, will be moved through 
the Diagonal B D, and afterwards the projected Bo- 
dy would always proceed in this right Line, if no 
new Force turned it out of its Path; and it would 
in an equal Time deſcribe a Space DF equal to BD. 
But if in the Point D, the ſame Force ſhould act a- 
gain with a like Impulſe, whereby the Body _ 
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be carried downwards in that Time through a Space 
in equal to FG: the Motion of the Body, compound- 
'no ed of both Motions, would be through the right 
the Line DG, which the Body will deſcribe in the ſame 
t it Time, as it would, without this new Impulſe, have 
proceeded through the Space DF. But if after the 
third Particle of Time, the fame Force ſhould act 
again, and ſhould impel the Body in G down- 
wards, through a Space equal to HI; the Motion 
compounded of the former and this new one, will be 
in the right Line GI, which the Body will deſcribe 
in the fourth Particle of Time: but in I the ſame 
Force acting again, the Body will be turned out of 
its right Path GL into the Direction IK; and after 
this manner the projected Body will deſcribe by its 
Motion the Polygon ABDGIK. But if each Par- 
ticle of Time, wherein we ſuppoſed the Force to act, 
is diminiſhed in inſinitum, and their Number is aug- 
mented: the Sides of the Polygon will be diminiſhed 
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es. in infinitum, and their Number will be increaſed in 
aal infinitum, and conſequently the Polygon will be turn- 
ne, ed into a Curve: that is, if the Force impelling 
_ downwards is ſuch, as that it ſhould act always and 


J. without ceaſing, of which nature is the Force of 
Gravity, the projected Body, this Force acting, will 


8 be carried along a Curve. | | 

n, 

it THEOEK . 

he APRO]IECT ED Body, whoſe Line of Direction is pa- 
2. rallel to the Plane of the Horizon, deſcribes by its Mo- 
of iliion a Parabola. 1 | 
oh Ir the heavy Body is thrown by any extrinſecal 


Force, as that of a Gun, or the like, from the Point 

Id A, ſo that the Direction of its Projection is the Ho- 
rizontal Line A D; I ſay, the Path of this heavy 
iq Body will be a Semi-Parabola, For if the Air did 
bo 1125 | not 
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not reſiſt it, nor was it acted on by its Gravity, the 


Projectile would proceed with an equable Motion, 


always in the ſame Direction; and the Times where- 


in the Parts of Space A B, AC, AD, AE, were paſ- 


——___———_—__Oltc 4 
_ 


— 


N. 3 


I 


ſed over, would be as the Spaces AB, AC, AD, AE, 
reſpectively. Now if the Force of Gravity is ſup- 
poſed to take place, and to act in the ſame Tenour, 
as if the heavy Body were not impelled by any ex- 
trinſecal Force; that Body would conſtantly decline 
from the right Line AE, and tHe Spaces of Deſcent 
or the Deviations from the Horizontal Line A E, 
will be the fame as if it had fallen perpendicularly. 
Wherefore 1f the Body falling perpendicularly by the 
Force of its Gravity, paſſed over the Space AK in 
the Time A B, deſcended through A L in the Time 
AC, andthrough AM in the Time AD; the Spa- 
ces AK, AL, AM, will be as the Squares of the 


Times, that is, as the Squares of the right Lines 


AB, AC, AD, or of KF, LG, MH. But ſince the 
Impetus in the Direction parallel to the Horizon al- 


ways remains the ſame; for the Force of Gravity, 


that only ſollicites the Body downwards, is not in 
the leaſt contrary to it: the Body will be equally 
promoted 
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promoted forwards in the Direction parallel to the 
Plane of the Horizon, as if there was no Gravity at 


all. Wherefore ſince in the Time AB, the Body paſſes 


over a Space equal to A B; but being compelled by 
the Force of Gravity, it declines from the right Line 
AB through a Space equal to AK, and BF being 
made equal and parallel to AK, at the end of the 


Time AB, the Body will be in F: So ſince in the 


Time A C, the Body paſſes over a Space, in the Ho- 
rizontal Direction, equal to A C, and in that Time 


deſcends through a Space equal to AL; if CG is 


made equal and parallel to A L at the end ot that 
Time, the Body will be in G. In like manner, ſince 


in the Time A D, the Body is carried in the Hori- 
..zontal Direction through a Space equal to A D, by 


the Action of Gravity, it would in the mean while 
deſcend through a Space equal to AM; and DH 
being put equal to AM, at the end of the Time 


AD, the Body will be in H. And the Path of the 


Projectile will be in the Curve AFG H; but be- 
cauſe the Squares of the right Lines K F, LG, MH, 
are proportionable to the Abſciſſas A K, AL, AM, 
the Curve AF GH will be a Semi- Parabola. The 


Path therefore of a heavy Body projected according 


to the Direction AE, will be a {emi-parabolical Curve. 
2 5. 


LEMMA. 


LET ADB ve /uch a Curve, as that the Perpendicular 
CG being tet fall from any of its Points C10 A B, the 
Reftangele under A G, GB, is equal to the Rectangle 
under CG, anda given right Line L; that Curve 
will be a Parabola. | 


I. ET AB be biſected in E, and the Perpendicular 


DE. be erected ; by Hyporheſis, the Rectangle un- 
der DE and L, will be equal to the Rectangle un- 


der 


ir 
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der A E, E B, or AE q. = (by 5 El. 2.) AG GB 
GE q. = CGx L +GEq = EFX LA 

F q. Wherefore the Rectangle under DF and L 
will be equal to the Square of CF, which is the 


Property of the Parabola. If the Point g falls in 
AB produced, which happens when the Curve de. 
ſcends below A B, the ſame Parabola will be the L.. 
cus of the Point c; for (by 6 El. 2.) it is E g q. = 
(ec q. =) Ag g B- ＋ EBq =L x0 + Ly, 
WY = LxDe: which is the Property of the Para- 
Cor. Trax right Line L is the Latus Rectum, or 
Parameter of the Parabola. 


THE OR. XLVIII. 
Tn x curve Line, that is deſcribed by a heavy Body pro- 
jected obliquely and upwards, according to any Direction, 
is a Parabola. by 


LET A F be the Direction of Projection, any ways 
inclined to the Horizon. Gravity being ſuppoſed 
not to act, the moving Body would always continue 
its Motion in the ſame right Line, by the firſt Law 
of Nature, and would deſcribe the Spaces AB, AC, 


AD, proportionable to the Times, But by the 


Action of Gravity it is compelled continually to de- 
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deſcend thfough a Space equal to A Q it is mani- 
feſt, if in the Perpendicular B G, there is taken 
BM = AQ, the Place of the heavy Body, at the 
end of the Time A B, would be M. In like man- 
ner, ſince the moving Body, by the Impetus firſt 
impreſſed, in a Time as AC, ought to paſs over-the 
Space A C, but by the Force of Gravity it is com- 
pelled in the mean while to deſcend through a Space 
= AR; if in the Perpendicular there be taken CN 
= AR, N will be the Place of the moving Body at 
the end of the Time AC. So likewiſe the Space 
DO being put, in the Perpendicular, equal to AS, 
O will be the Place of the moving Body at the end 
of the Time AD; and the Deviations B M, CN, 
DO, from the right Line AF ariſing in the Times 
AB, AC, AD, will be equal to the Spaces A Q. 
AR, AS, ſo that they will be as the Squares of the 
right Lines AB, AC, AD. Through A draw the 
horizontal right Line A P, meeting the Path of the 
Projectile in P. From P let be erected the Perpen- 
dicular PE, meeting the Line of Direction in E; 
and by reaſon the Triangles AGB, ACH, ADJ, 
AE. P, are equi- angular; ; the Squares of the right 
Lines AB, AC, AD, AE, will be proportionable to 
the Squares of the right Lines AG, AH, AI, AP: 


ſo that the Deviations BM, CN, DO, EP, will be - 


proportionable to the Squares of the right Lines AG, 
AH, AI, AP. Let the right Line L be a third 
Proportional to the right Lines EP, AP ; and it will 
| be ſby 17 576. LEP AP q. but AP q.: A G. 
: EP: BM:: LXE P: L XB M; whence ſince it 
is LX EPA Pg. it will be LxBM= AG. 
In like manner, it will be LX CN = A H q. and 
I. xDO=AIq. But becauſe it is BG: AG:: 
bs P:AP:: by Hypotheſis) AP:L; it will be 
L „BGS AGxAP=AGxAG+AGxGP 


=AGq +. Bur it has been ſhewn, 


that 


by the 
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that it is LBM = AG q. wherefore it will be 
Lx<BG—Lx<BM=AGxGP, that is, Lx MG 
= AG X/ GP. By the ſame way of Reaſoning it 
will be Lx&NH=AHx*HP, and LxOI= 
AIXIP, as alſo LxXVK=AVxVP., Wherefore 
by the preceding Lemma, the Curve AM NOPK, 


wherein the Projectile is moved, will be a Parabola. 


Cor. 1. THE right Line L is the Latus Rectum or 


Parameter of the Parabola, that belongs to its Axis; 


Cor. 2. LE IH be AH=HP, and it will be Lx CN 
AH q. = Lx NH, whence it will be NH— CN; 


and conſequently the right Line AF being the Line 


of Direction of the Projectile, will [by Prop. 33. 
Lib. 1. of Apollonius] touch the Parabola. 


Cor. 3. Brcavsritis AF=2 AH; it will be 


PE=2CH= 4CNcor 4NH. | 
Cor. 4. Ir 1 1s a third Proportional to the right 


Lines PE, A E, “ will be the Latus Rectum, or Para- 


meter of the Parabola, that belongs to the Diameter 
AS. For becauſe PE, A E, I, are continual Propor- 
tionals; it will be! PE = AE q. but it is A Eq. 
AB q. or QM q. :: PE: B Mor AQ: IX PE I 
AQ. Wherefore ſince it is AE q. I P E, it will 


be QM q. =/x A Q: wherefore / will be the Pa- 


rameter belonging to the Diameter A S. 

Cor. 5. Bu r it is I PET LSANHTL = 
four times the Height of the Parabola + IL. For it 
BixzPE=AEq=zAPq +þ+PEq =LxPE+ 


PEq=L+PExXPE. Wherefore it will be 
{=L +PE=—=L--4NH. 


Cor. 6. Ir the Times A B, BC, CD, are made e- 
qual; the Horizontal Spaces A G, GH, HI, will be 
equal ; that is, if a heavy Body, in its Motion; de- 


ſcribes a Parabola, in equal Times it will advance 


equally according to a Direction that is parallel to 
the Horizon; and in every Point of the Parabola, 
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the Horizontal Impetus will remain the ſame as it 
was at the beginning of Motion. 

Cor. 7. Ir a Body projected from A in the Dj. 
rection A E, deſcribes the Parabola ACP; in any 
Point C it will endeavour, by the firſt Law of Na. 
ture, to run out along the Tangent CG, with all 
the YEIOeny that it has in the Point G and is ſolely 


retained in the Parabolical Curve by the Force of 
Gravity. But if another heavy Body ſhould be pro- 

jected from C in the Direction CG, with the Velo- 
city that the Body projected from A, has in the ſame 
Point C ; that other Body will defovibe the ſame Pa- 
rabola CP. For in the Point C, the Direction, Ve- 
locity, and Force of Gravity of both Bodies are the 
lame; wherefore the Way of both will be the ſame. 


Cor. 8. HE Nc ifa heavy Body is projected down- | 


wards, in a Direction oblique to the Horizon ; the 
Path of the Projectile will be a Parabola, 


THEOR. XIIX. 
Tu r Im petus of a projected Body in different Points of the 


Parabola, are as the Portions of the Tangents inter- 
cepted betwix! two right Lines Parallel to the Axis. 


LI a heavy Body deſcribe the Parabola A BL, 
wich let the right Lines A D, B E, touch in the 
Points 
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Points A and B. The Impetus of the Body in the 
Points A and B, will be as CD, EB, the Portions 
of the Tangents intercepted . betwixt two right 
Lines parallel to the Axis. For if the Body ſhould 
be deprived of its Gravity in 

the Point A, it would run 6 
out in the Tangent A C, with 
the ſame Impetus that it has 
in the Point A. So likewiſe 
the moving Body in B having 
loſt its Gravity, would pro- 
ceed in the Tangent BE with 
all the Velocity that it has in 
the Point B. But in the Points 
A and B, the Horizontal Im- 
petus remains the ſame, as 
appears by Cor. 6. of the pre- 
ceding Theor. ſo that the Bo- 
dy in A going out into the Tan- 
gent AD, and in B into the Tangent B E, in equal 
Times it will procced through equal Spaces according 
to the Horizontal Direction. 


Therefore CD in the 
Tangent AD, and BE in the Tangent BE, will be. 
paſſed over in equal Times; but che Velocities or 
Impetus of the moving Bodies, are as the Spaces 
paſſed over in equal Times: wherefore the Impetus 
of the moving Body in A, is to the Impetus of the 
ſame Body in B, &CDOEBE CAD. - 

Cor. IF A is the Vertex of the Parabola, 4 
the Tangent produced, till it meets the Axis in 
G; the Impetus in A will be to the Impetus in B, 
as the Ordinate B H to the Tangent B G: for it is 
CD: B E:: CF: B F (by reaſon the Triangles CBF, 
B H G, are ſimilar):: BH: B G. 

Deyn. LET ACF be a Parabola, in 
whoſe Axis produced beyond the Ver- 
tex let be taken G A == the Parameter. 3 

83 1 06 


See the Fig. of 
the following 
Theorem. 
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The Line GA is called the Sublimity of the Para- 
bola, and if beneath the Vertex be taken AD— 
AG, and DC be an Ordinate to the Axis, it will 
be DC=2 ADor 2 AG; for from the Nature of 
the Parabola, the Rectangle under the Latus Refum 
=4AD and AD, that is, 4 A D q. 2 DC q. ſo 
hat it will be 2 AKAD D. 


2-9 EOR; L. 
Ir a beavy Body falls from the Sublimity of a Parabola ts 
its Verlex, and the Motion acquired in falling, by Re- 
flexion or any other way ſhould be changed into a Hori- 
Zontal Motion, inſomuch that the Body may begin to 
move a-new downwards ; the projected Body will de- 
ſcribe that Parabola. | 1 


TL ex the Body fall from the Point G, the Sublimi- 

ty of the Parabola ACF; and in A by Reflection, 
or any other way, let the Motion acquired in falling 
be changed into the Horizontal one in AB E; or, 
which is the ſame thing, let the Body be projected 
in the Direction AE, with the Velocity that is ac- 
quired by falling through G A; I fay, that heavy 


E 
2 
by 
2 


| N 
. 


Body will deſcribe in its Motion the Parabola A CF. 
Let be AD=AG, and it will be DC=2AG. 
| | Draw 
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Draw C B parallel to AD; and from any Point F of the 
Parabola, draw F H parallel to A E, and F E to HA: 
If there was no Gravity, and the Body was projected 
in the Direction A E with the Velocity that is ac- 


quired in falling from G into A, it would be carried 


in the ſame Time through the Double of G A; ſo 
that it would deſcribe in that Time AB=DC= 
2G A. But the Body, on account of its Gravity, 
beginning to deſcend in the Point A, will fall in the 
ſame Time through the Space B C= AG; where- 
fore in its Motion it will paſs through the Point C 
in the Parabola. Again, let the Body be ſuppoſed 
by its Horizontal Motion (abſtracting from that 
which ariſes from its Gravity) to arrive in a certain 
Time at E, beyond or on this ſide B; and ſince the 
Motion in the Direction parallel to the Horizon re- 
mains equable, AB, AE, will be as the Times 
wherein they are paſſed over. But the Deſcents or 


Deviations of the moving Body from the right Line 
AE, are as the Squares of the Times wherein they 


are made: wherefore by reaſon BC, E F are propor- 

tionable to the Squares of the right Lines AB, AE; 

ſince C is the Place of the heavy Body at the end of 
the Time AB, F will be the Place of the ſame Body 
at the end of the Time AE; and ſo the heavy Body 

will be always found in the Parabola A CF. 9, E. D. 
Cor. HENCE the Velocity of a heavy Body in 

the Vertex of the Parabola which it deſcribes, is that 

which is acquired by falling from the Sublimity at 
that Parabola, ; 
LEMMA, 

LtT BA be a Parabola, whoſe Axis is AF, Sublimity 
AG, and Tangent BC, Ordinate BF; is will be 
BFq.:BCq::GA:GF.-- 

FOR it is [by 33 Lib. 1. of Apellonins's Conicks] 

CF S2 AF, and from the Nature of the Parabola 
8 4 | 4GA 
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| 


+GAxAF=BFq Wherefore it will be Bg. 


:BCq::4GAxAF:4GAxAF+CFq::4GA 


xAF:4GAxAF+4AFq::GA:GA+4 


AFor GF. QE.D 

ROE 3 LI. 

A He a'v Body being projected direłily upwards, with 
the ſame Impetus wherewith another 535 e ee 
jedted obliquely, will aſcend to a Height equal Io the 


Height and Sublimity 
Hei y, taken together, of the P la, 
which the oblique Projectile will fern its 1 
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BC q.: B F q : GF: G A) as BC to BF. Where- 


fore the Impetus in B, will be to the Impetus in A, 
as the Impetus acquired by falling from G to F, 


1} 
"5 bY 


BY, 8 
to the Impetus acquired by falling from G to A: 
but the Impetus of the heavy Body in the Vertex A, 


is that which is acquired by falling from G to A, 
| wherefore the Impetus or Velocity of the fame Body 
in B, is that which is acquired by falling from G to 


F, or from L to B, which Height is equal to the 
Height and Sublimity of the Parabola taken toge- 
ther. But the heavy Body projected directly up- 
wards with the ſame Impetus, will aſcend to L; 
wherefore if a heavy Body is projected directly up- 
wards with the Impetus that another heavy Body, 
deſcribing the Parabola B AM, has in the ſame 
Point B, it will aſcend to a Height equal to the 
Height and Sublimity of the Parabola taken together. 
Cor. 1. Ir a heavy Body falls from L to B, and 
the Impetus acquired in the Fall remaining the ſame, 
the Direction of Motion ſhould be changed, by Re- 
flection, or the like manner, into the right Line B C, 
or B N, ſo that the heavy Body begins to deſcend 
again; it will in its Motion deſcribe the Parabola 
SB AM. | 

| Cor, 
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Cor. 2. The Impetus in any Point B of a Parz. 
bola, is that which is acquired, by falling through 
the fourth part of the Latus Rectum belonging to the 
Diameter that paſſes through that Point. For it is 
LBS LKB; wherefore it will be 4 L B 
L-þ4KB= Latus Rectum that belongs to the Dia- 
meter paſſing through B, as appears from Cor. 5, 
Theor. 48. 

HA IN laid the Foundation of the Doctrine of 
Projectiles, before we come to ſolve the following 
Problems, we think it proper to ſhew the way, 
whereby great Guns or Cannon are directed accor- 
ding to any Degree of Elevation. But the Direction 
of a Cannon is to be reckoned the ſame with the 
Direction of its Concavity : for by the firing of the 
_ Gun-Powder, the Bullet is emitted according to the 


Concavity of the Cannon or Mortar; and if it was 


not for Gravity, it would proceed in that right Line 
produced : ſo that that right Line is the Direction 
of the Ordnance. e 1 

WnuxRETOR E that the Ordnance may be aimed 
at the Mark, it ought not to be directed according 
to its outward Metal, ſince Ordnance are thicker 


towards their Breech than near their Orifice, be- 


cauſe their Reſiſtance ought to be greateſt in that 
part, which ſuffers moſt from the Gun-powder : 
whence, that a Cannon may be the more readily di- 
rected, ſomething is added to the Orifice, (which 
they call Diſpart) that its Thickneſs may equal the 
Thickneſs of its Breech, and then it is levelled by a 
Line parallel to the Concavity of the Piece; and 
after the abovemention'd manner the Ordnance is 
aimed directly at the Mark. When Walls are to be 
battered, or any thing to be done, where a great 
Impetus is required, and the Mark is not above 200 
Paces off, and the Engine ſufficiently large; in ſuch 
Shots, beſides what has been ſaid, and the Expe- 
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rience of making proper Charges of Powder, and 


ſuitable Balls, there is no other Artifice required. 
But ſince moſt commonly the Citadels, or Enemy 


that is to be fired upon, by reaſon of the too great 


diſtance, cannot be hit by a direct Level; or when 
the Houſes of the City are to be broken down or 
burnt by the flinging of Bombs ; the Engine muſt be 
elevated in an Angle inclined to the Horizon : to 
which end, there is uſed a Ruler AB C D, where- 
unto is fixed a Parallelogram BE F D, on which is 
inſcribed a Semi-circle divided into Degrees, from 
whoſe Center hangs a Plummet; but the Extremity 
of the Ruler A muſt be inſerted into the mouth of 
the Engine, and be held in a Situation that is paral- 


8 


of 
2 


NN 
85 


| 


lel to its Axis. And ſo the Ordnance is to be raiſed 
or depreſſed, till the Perpendicular CQ touches, in 


the Limb of the Semi-circle, the Point K, namely, 


the Degree' of the Elevation required, reckoning 
from L towards B; for it is manifeſt, that the An- 
gle L CK is equal to the Angle CMN, the Eleva- 


tion of the Engine, becauſe the Angle M CN 8 the 
| om- 
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Complement of both to a right Angle. The Paralle. 
logram BE F D is frequently uſed alone without the 
Ruler, by applying its Side B E to the Mouth of the 
Engine, whereby the Perpendicular CQ will ſhew 
the Degree of Elevation. | 
Defin. B y the Impetus deſigned by an 
. Perpendicular AB, be — Rey im 
of the next ; 7 
Problem petus ſufficient to hurl the propoſed heay 
Body from A to the higheſt Point B of 
the Perpendicular AB; or, which is the ſame thing, 
the Impetus acquired by falling from B to A ; for by 
no other way can an Impetus be reduced under any 
certain and univerſal Rule, than by determining 1: 
after this manner by Spaces. 


; FRO. MI. 
Tur Impetus B A being given, and the Direction A 1, 
or the Angle of Elevation D AI ; to find the Amplitude 


_ ef the Projection, its Height, and the whole Path it 
will deſcribe. 


DR A from A and B the Horizontal Lines A D, 
BL, Upon the Diameter AB deſcribe the Semi- 


K : 


circle A F B, which will cut the Line of Direction 
Al in F: through F draw E F parallel to the Hort- 
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zon, and produce it to G, ſo that it may be G F 
EF; and alſo through G draw perpendicular to the 
Horizon the Line LG D; and with the Vertex G 
deſcribe the Parabola AGK paſſing through A: T 
ſay, this will be the Path of the Projectile, whoſe 
Direction is AI, and Impetus AB; fo that DG or 
AE will be the Height of the Projection. Double 
A D, or quadruple EF, will be its Amplitude or 
whole Horizontal Random ; and BE or LG will be 
the Sublimity of the ſame Parabola, In the Trian- 
gles AEF, I GE, by reaſon the Angles at E and G 
are right, and the Angles AF E, GFI, at the Ver- 
tex equal, alſo EF=GE; it will be IG= AE 
D G, and conſequently ' the right Line AI will 
touch the Parabola. And becauſe it is AD=E G 
—=2FF;itwillbeA Dq =4EFq =4BExEA 
= 4L Gy G D= Rectangle under the Lalus Reftum 
and G D: wherefore it will be 4 L G= the Latus 
Rectum of the Parabola, whence LG will be the 
Sublimity of the ſame Parabola. Wherefore [by Cor. 
Theor. 51.] if the heavy Body falls from B ro A, and 
is projected in the Direction AI with the Impetus 
acquired in falling, it will deſcribe the Parabola 
A GK. 

Cor. 1. HE Nr it is manifeſt, from the Impetus 
AB of any Engine being given, about which is de- 
ſcribed the Semi- circle ADB, that the Heights and 
Amplitudes of all Projectiles, which can be made by 


the ſame Engine, are given. For example, the Im- 


petus AB remaining always the ſame, the Projection 
made in the Direction AE, has its Height AF, and 
its Amplitude the Quadruple of EF: in like manner, 
it being made in the Direction AD, its Height will 
be A G, and its Amplitude the- Quadruple of G D; 

and ſo of the reſt. Whence if the Angle of Fleva- 
tion DAK is half a right one, the Quadruple of 
GD will be the greate! of all the A mplitudes, which 


Can 


270 An Introdue? t#© 


can be made with the ſame Impetus; and the Am: 


plitudes of Projections, which are equally diſtant 
from the Projection whoſe Elevation is half a right 
Angle, are equal: as, for example, the Projection in 
the right Lines A E, A C, (the Angles DAE, DAC, 
being made equal) have their Amplitudes quadruple 
of EF, and quadruple of HC, which are equal. 
Beſides, the Amplitude of the Projection whoſe Ele- 
vation is half a right Angle, is = 46 D 46B 
Latus Rectum of the Parabola. But the perpendicu- 
lar Projection upwards, that is, the Impetus of the 
Projection, will be equal to half the Amplitude of 
the Projection, elevated to half a right Angle, and 


made with the ſame Impetus. Laſtly, to make equal 


Randoms in a Horizontal Plane, there is required a 
leſs Impetus in the Projection whoſe Elevation is 
half a right Angle: for if it is not leſs than the Im- 
petus of another Projection, made in another Di- 


rection; the Amplitude of the Projection whoſe Ele- 


vation is half a right Angle, will be greater than the 
Amplitude of that other Projection. 


Cor. 
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Cor. 2. Bxcavse AK touches the Circle, it will 


be [by 32 El. 3.] the Angle AB E EA K the An- 
gle of Elevation; and ,conſequently, the Angle 
AGE is doube E AK. Wherefore G A, half the 
Impetus, being made Radius, E F the fourth part of 
the Amplitude, will be the Sine of double the Angle 
of Elevations and A F, the Height of the Projection, 


will be the verſed Sine of the Arch A E, or of double 
the Angle of Elevation; and F B, the Sublimity of 
the Parabola, will be the verſed Sine of the Arch 
BE, or of the Complement of double the Angle of 
Elevation to two right Angles. 


PROBL:: IX. 


THE Amplitude AK, and the Angle of Direction C A K, 


being given; 10 find the Impetus of the Projection, and 
the Height Al. 


TAK R AD the fourth part of the Amplitude; 
and erect the Perpendiculars DC, AB; and make the 
Angle A CB a right one: I lay, AB will be the 


Þ 


e 
| I 
„„ K 


Impetus of the Projection, and DC will be 1ts 
Height, For becauſe the Angle A CB is a right 
one, the Semi- Circle deſcribed on the Diameter AB, 
will paſs through C: whence | by Coro]. 1. of the pre- 

e eedling 


A. 
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ceding Problem) the Projection whoſe Direction i; 
AC, Impetus AB, will deſcribe in its Motion the 
Parabola A MK, whoſe Height is DC or Al, and 
the fourth part of its Amplitude is AD; wherefore 
conveiſly the Projectile whoſe Direction 1 AG, 
fourth part of its Amplitude A D, will have the Im. 
petus A B, and Height DC. Q, E. D. 

Cor. 1. Hr er from any Horizontal Random of 
any Engine being given, and made at a given Eleva- 
tion; may be found the Height to which a Ball will 
riſe, being ſhot directly upwards: to wit, the Impetus 
of the Engine, which in great Ordnance exceeds any 
perpendicular Height to which any Man can come at. 
But the Impetus being given, the Amplitude and the 
Height of a Random made from any Elevation, will 
be given: whence may be diſcovered, whether a 
Mark, whole Diſtance is known, can be hit by a 
given Engine. 

Cor. 2. Ir AD, the fourth part of the Amplitude, 
is made Radius, the Height DC will be the Tan. 
gent of the Angle of Elevation. To ſtrike a Mark 
at any given Horizontal Diſtance, it is beſt to keep 
always the ſame Angle of Direction, namely, half a 
right one, and to increaſe or diminiſh the Impetus, 
till the Mark 1s hit. For the Engine elevated to 
this Angle, requires the leaſt Imperus to {trike the 
Mark: ſo that in making theſe Randoms, much 
Gun-powder is ſaved. Belies, about this Elevation 
the Randoms are moſt certain; for an Error of one 


or two Degrees ſcarce produces a ſenſible Error in 
the Projection. 


PROEKL. X. . 
TEE Impetus and Amplitude being given, to find the 
Direction and Height of the Random. 


LET AB be the Impetus, and AD the fourth 
part of the given Amplitude; upon the Pane 
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A B deſcribe a Semi- circle ACE B, and ere& the 


Normal DCE, cutting the Semi- circle in the Points 
Cand E: I fay, both the Directions, whether AC 


i "A 


G 


1 R 


E TPC 


or AE, will deſcribe a Parabola, whoſe Amplitude 
will be AK quadruple of AD. For the Projections 
made with the Impetus AB, in the Directions A C 
or A E, have the Amplitude A K quadruple of F 
or GE, [by Probl. 8.] but the Height may be either 

AF or AG, as is manifeſt. Bur if the Normal DC 

meets the Circle in one Point only, that is, touches 
it; there will be but one Parabola deſcribed, and 
that by a Projection whoſe Elevation is half a right 
Angle: and the propoſed Amplitude will be the 
greateſt poſſible with that Impetus. If the Perpen- 
dicular D C does not meet the Semi-circle, the Pro- 


blem will be impoſſible. =—_ * | 


Cor, Ir the Impetus of any Engine is known, (as 
it may be found by Corol. 1. of the preceding Probl. 
from any Horizontal Random) by the help of this 
Problem, ſuch an Elevation may be given to the En- 
gine, that the Mark placed at any given Horizontal 
Diſtance may be ſtruck; and of two Directions fit 
for the purpoſe, equally remote from the Direction 
whoſe Elevation is half a right Angle, the more 
proper may be made choice of. 
| SC ZH O- 
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SCHOLIUM. 


T n x Converſe of the three preceding Problems, 
may, from what has been ſaid above, caſily and 
without any trouble be ſolved ; namely, to find the 
Impetus and Direction, having given the Height 


and Amplitude: alſo from the Imperus and Height 


being given, to find the Direction and Amplitude: 


And laſtly, the Direction and Height being given, to 


find the Amplitude. So that it is to no purpoſe to 
dwell any longer on theſe. 


PROBL. XI. 


II is propoſed, to find the Ratio betwixt the Duration of 


4 Projection made perpendicularly upwards, and of any 
other, whoſe Impetus i is the ſame. 


LET A F be the Impetus of the Proje&tle, or the 
Projection made upwards, and AB C the Projection 
from any other Elevation A G; about the Diameter 
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AF deſcribe a Semi-circle, cutting the Direction 
AG in G: I fay, the Duration of the Projection di- 
rectly upwards, or the Time of Aſcent dae 
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AF, and of Deſcent through the ſame, is to the Du- 
ration of the Projection in the Parabola ABC, as 
AF to AG. The Time of the Progreſs from A 
into B, is equal to the Time of the Progreſs from B 
into C; ſo that the Time through ABC, is double 


the Time of the Progreſs from B into C; but the 


Time of the Progreſs from B into C, is equal to the 


Time of the free Deſcent in the Perpendicular B D, 


becauſe the progreſſive Motion no ways hinders the 
Deſcent ariſing from Gravity. So that the Time of 
the Projection through AB C, is double the Time 
of the Deſcent through BD, or through its Equal 
E A; ſo likewiſe the Time of Aſcent and Deſcent 
thro:gh F A, or the Time of the Projection directly 
upwards, is double the Time of Deſcent through 
FA; wherefore the Time of the Projection upwards, 
will be to the Time of the Projection in the Para- 
bola ABC, as the Time of Deſcent through F A, 
to the Time of Deſcent through E A; that is, in a 
ſubduplicate Ratio of FA to E A; or, by reafon 
FA, AG, EA, are continual Proportionals, as FA 


to AG, 2. E. D. 


Cor. THE Durations of Projections made with an 
equal Impetus in different Directions A G, AH, are 
in the Ratio of the Chords AG, A H. And if AF 
is made Radius, A G will be the Sine of the Angle 
AF G, which is equal to the Angle of Elevation o 
the Engine: ſo that the Time of the Projection di- 
rectly upwards, is to the Time of Projection in 4 


Parabola, as Radius to the Sine of the Angle of Di- 
rection. 1 SG 


SCHOLIUM. 


Art the Problems about the Projections of heavy 


Bodies made in a Horizontal Plane, are eaſily re- 
folved by the means of a Table of Sines and Tan- 
gents. 

12 LI I 
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L x T AK be the. Horizontal Amplitude of any 


large Piece of Ordnance, elevated to the given Angle 
C AK, there is required the Height of the Pro- 
jection, and the Impetus of the Engine. In the 


8 


4 
Py. 2 


Triangle ADC let it be as the Radius to the Tan- 
gent of the Angle of Elevation ; fo is A D, the fourth 


part of the given Amplitude, to the Height DC. 


Alſo make as the Sine of the Angle of Elevation to 
Radius, fo the Height found DC to AC, which 
therefore will be given; and in the rectangle Trian- 
gle BCA, make as the Sine of the Angle ABC 
(which is equal to the Angle of Elevation) to Ra- 
dius, ſo ACto AB the Impetus, which conſequently 


is known. But the Impetus being given, the Time 


of the perpendicular Projection will be likewiſe given. 
But the Time of the perpendicular Projection is to 


the Time of the Projection in AC, as A B to AC, 


or as Radius to the Sige of the Angle of Elevation; 
and conſequently the Time of Projection in A C 


may be known from a Table of Sines. Hence alſo 


from the Time of any Projection being given, made 
according to a given Elevation, will be given the 
Time of any other Projection, made with the ſame 
Impetus. For as the Sine of Elevation of a Pro— 
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jection, whoſe Time is known, is to the Sine of ano- 


ther Elevation; ſo is the Time known of one Pro- 
jection, to the Time of the other Projection, which 


will therefore be alſo known. But from the Ampli- 


' tude of one Projection being given, made in a given 


Direction, will be given the Amplitude of a Pro- 
jection made in any other Direction. For making 
half the Impetus Radius, the fourth part of the Am- 
plitude will be the Sine of double the Angle of Ele- 
vation ; and conſequently the Amplitudes are as the 


Sines of theſe Angles. Wherefore if the Amplitude 


in the Direction AG is known, the Amplitude in 
the Direction AH will be given: for make as the 


Sine of double the Angle CA G, to the Sine of 


double the Angle HAC, ſo the Amplitude of the 
Projection according to A G, to the Amplitude of 
the Projection according to the Direction A H; and 
if from the Impetus and Horizontal Amplitude being 
given, there is ſought the correſponding Elevation, 
that may be eaſily diſcovered from the ſame Prin- 
ciple, For it is manifeſt from Cor. 2. Probl. 8. that 
double the Impetus is the Amplitude of the Pro- 


* jection whoſe Elevation is half a right Angle. But 


the Sines of the Elevations doubled are as the Am- 
„ plitudes; 
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plitudes 3 where ore make as double the Impetus to 
the given Amplitude, ſo the Sine of double half a 
right Angle, that 1s, the Sine of ninety Degrees, or 
Radius to another; which will be the Sine of two 
Arches, whereof one is the Complement of the other 
to a Semicircle : and theſe two Arches halved, will 
give two, Elevations, wherewith the given Amplitude 
may be reached. Fo 


TP warlike Engines are not always to be ſo 
exploded, as the Bullet ſhall fall preciſely in the 


ſame Horizontal Plane; but the Mark is often 

higher or. lower than the Ordnance : wherefore in 

the following Problem, a Method is delivered, where- 

by a Mark may be hit, either above or below the 

Horizon. | 
PROBL. XII. 


TAE Baſe of a Parabola, and a Point through which it 
paſſes, being given; io ſind the Direction, Path, and 
Impetus of the Projection. 


LEI AC be the Baſe of the Parabola, and the 


Point B the Mark to be hit: from B let fall the 
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Perpendicular BD on AC; take L a fourth Propor- 
tional to the right Lines BD, AD, DC; L will = 
the Latus Refftm of the Parabola, Bife& AC in E, 

and from E erect the Perpendicular E F; let EG be 


a third Proportional to the right Lines L and AE; 


G will be the Vertex of the Par3bola : and if EG 
is produced, ſo that it is G F GE, and AE be 


drawn, FAE will be the Angle of Direction of the 


Engine. And the Impetus wherewith the heavy 
Body is to be projected, will be equal to E G+3#L. 
Becauſe BD is to AD as DC to L; it will be 


LxBD=ADxDC; ſo that [by Cor. Theor. 48.7] 
L is the Latus Reftum of the Pattie, paſſing through 


B, whoſe Baſe is A C. And becauſe L, AE, EG, 


are Proportionals, it will be LxEG=AEq. fo 


that G will: be the Vertex of the Parabola. There- 
fore with the Vertex G, and Latus Rectum L, a Pa- 
rabola be ing deſcribed, it will be the Path of the Pro- 
jection of the heavy Body, that will ſtrike the Point 
B. And the e of the Projection is e ual to 
EGT L: but the Angle of Elevation is FAE. 
9. E. I. 

Vo v muſt proceed after the ſame manner, if the 
Point h is below the Horizon; for if from þ be let 
fall the Perpendicular þ 4 on A C produced, and L is 
taken a fourth Proportional to h d, A d, dC, L will 


be the Latus Rectum of the Parabola paſſing through 5. 


Cor. A E being made Radius, E F or the Double 
of EG. will be the Tangent of the Angle of Eleva- 


tion; fo that if it be made as AE, which is given, 


to EF alſo given, fo Radius to the Tangent of the 
Angle F AE, the Angle of Elevation will be given. 


PROBL. XIII | 
TAN Impetus being given, to find the Direction actording 
to which a heavy Body being projected, that Body may 


bit a given Point. 
| * Lr 
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Leer M be the given Impetus, and B the Point 
through which the Projectile ought to paſs, whoſe 
Diſtance AB from the Point A is given: from B an 


—_ 


— — 


the Horizontal Line A C let fall the Perpendicular 
BD, in which produced take DG=2M, and with 
the Center G and Interval G B deſcribe a Circle, 
which let the right Line BK = AB touch in B. 
From K upon B K erect the Perpendicular K H, 
meeting the Circle in two Points H, H: from which 
on the Diameter LB let fall the Perpendiculars H E, 
HE, and draw the right Lines AE, A E, which 
will be the two Directions ſought: that is, a Pro- 


jectile emitted in the Direction A E with the Impetus 


M, will paſs through the Point B. For it is AD q. 
＋B Dq. AB q. BK q. EH q. (from the 
Nature of a Circle) LE x EBS LBXEB - EB. 
= AMXEB 2DBXEB —EBq. Wherefore 

| | It 
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it will 
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the Par 


in the I 
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that is, 
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It 
1 
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it will be 4MxEB=(ADq TBD. 4 2BD 
„EBL EB q. AD q. +DEq =)AEq. But 


the Parabola deſcribed by a heavy Body, projected 
in the Direction A E, with the Impetus M, will ſo 


cut the right Line D E, that it is 4 MxXEB= A Eq. 


(as is manifeſt from Cor, 2. Theor. 51.) Wherefore 
the Point B is in the ſame Parabola ; and the heavy 


Body projected with the Impetus M, in the Di- 
rection A E will paſs through B. Q; E. D. 


Cor. Ir HK meets the Circle in one Point only, 
that is, if it touches the Circle, there will be only 


- 


— we I 


— * 


one Direction that will ſatisfy the Condition. But 
if it does not meet the Circle at all, the Problem 
| w1ll 
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will be impoſſible; that is, the Point B cannot be 
hit with the given Impetus. And if K H touches 


the Circle, that Impetus will be the leaſt of al, 


- wherewith the given Point can be hit. And in that 
caſe it will be BR or AB = BE or BG=2M— 

PB; fo that it will be B E + BD or DE =>» M. 
The leaſt Impetus therefore, wherewith a given 
5 — hit, will be equal to half DE = 
2 5 ; and DA being made Radius, DE will 


be the Tangent of the Angle E A D, that is, of the 


Angle of Elevation. Wherefore if it be made as 


AD to DE, or to A B + BD, fo Radius to a fourth 
Proportional ; the Tangent of the Angle of Direction 
will be given, according to which if the Projection 
is made, the Point B will be hit with the leaſt Im- 
petus of all. . 

B u T that Angle of Direction is much eaſier found, 
by biſecting the Angle N A B, contained betwixt the 
Perpendicular A N and the right Line AB. For the 
right Line AE biſecting this Angle, will be the Di- 
rection of the Projection. For becauſe the Impetus 
is the leaſt of all, AB will be equal to EB; and con- 


ſequently the Angle BA E will be equal to the An- 


gle BEA N A E, (by reaſon D E, AN, are pa- 
rallel) ſo that the Direction of Projection made with 


the leaſt Impetus, will biſeft the Angle NAB. 


Wherefore if to the Engine there is fixed a Look ing- 


Glaſs, whoſe Plane ſhall be perpendicular to the Axis 


of the Engine or the Line of Direction; the inci- 


dent Ray B A will be reflected into the Perpendicu- 


lar AN, and by the means of this Looking- Glaſs 
the Engine may be eaſily directed in ſuch a manner, 
as it may ſtrike. the Mark with the leaſt Impetus. 
For the Engine is to be elevated or depreſſed, till 
the Image of the Point B, made an the Plane of the 
Looking-Glaſs, may he ſeen in the N 
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THEOREMS 
4 Of the Famous . 
Monſ. HUT GEN, 


CONCERNING 


The CE NT RIFUGAI. FO RC E, and 


CIRCULAR MOT TON, 
DEMONSTRATED. 


= FIRST communicated the Demonſtrations 


"a 
{ 


85 N World 3 for their Author. fubliſbed them 
SLY without any Demonſtration. But afterwards 


; the ſame Theorems were demonſtrated by ſom? 
French-men, but not in the ſame Order and now 41 
length the Author's own Demonſtrations are publiſhed in 
His Poſthumous Pieces, which though they are indeed very 
ſhort, yet they are more prolix than ours. But ſince theſe 
Theorems make no mean Part of the Science of Motions 

Ws 
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we have thought fit to join their Demonſtrations to this 
Fork; that the Commonwealth of Learning may ſee how 
> much the Mechanical Philoſophy is capable of being im- 
22 proved by Geometry. . 


WECrnTRIPETAL Force is that 
Force, whereby any moving Body 
& is continually drawn from its recti- 
linear Motion, and is Perpetually 
ſollicited towards ſome Center. For ſince, according 
to a well-known Law of Nature, every Body once in 
Motion endeavours to proceed always uniformly in 
8 the ſame right Line, it is manifeſt no moving Body 
can deſcribe an Orbit in its Motion, unleſs it is de- 


K 


tained in that Orbit by 5 

ſome Force. For ex- oY . 
ample, let a moving 1 0 
Body revolve with a ff 3 


uniform Motion in the 7 | Fe - 
Circumference of the „„ 

Circle ACE, which | 

4 when it comes to A, — 

if the Force that kept — 

it in the Orbit is ta- | 0 

ken away, it will pro- K 10 0 

ceed along the Tan- b 1 


gent AB, and run out E 

"uw i infinitum: that it | EF 

2d therefore may be detained in the Circumference, it is 
mM neceſſary that ſome Force continually acts, and which 
ds is equivalent to the Force in A ſolliciting the Body 
Ne towards D through a Space equal to B C, in.the mean 
as time whilſt the moving Body by its innate Force pro- 
15 _ ceeds through the infinitely ſmall Space AB: For 
7 after this manner, by theſe Forces joined together, 
ſe rhe moving Body will deſcribe the Line A C [by 
- I hcor, 30.] This Force, whether it is the Action of a 
. 


String 
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String holding the Body, or its Coherence with ano- 
ther revolving Body, or whether it ariſes from Gra- 
vity or any Attraction whatſoever, it may be called a 
Centriperal Force. 

2.ACEnTRIFUGAL Force is the Re- action or 
Refiſtance which a moving Body exerts to prevent 
its being turned out of its way, and whereby it en- 
_ deavours to continue its Motion in the ſame Di. 
rection: and as Re- action is always equal, and con- 
trary to Action, ſo in like manner is the Centrifugal 
to the Centripetal Force. This Centrifugal Force 
ariſes from the Vis Jnertie of Matter, and when a 
Body revolving in the Circumference of a Circle, is 
detained by the means of a String from running out; 
the String is ſtretched by this Centrifugal Force : 

which String, by the ſame Endeavour of relaxing 
itſelf, equally follicits the Body towards the Center, 
and the Center rowards the Body. 

SINCE the Centripetal Force is proportionable 
to the Space that the Body, by the Sollicitation of 


that Force, deſcribes in a given Time; it is manifeſt, 


that the Centripetal, as well as the Centrifugal Force, 
may be repreſented by the naſcent Lines B C or bc: 
for whilſt the Body deſcribes the infinitely ſmall 


Tangent A B, the Space that in the mean time it 


paſſes through by the means of the centripetal Force, 
will be equal*to BC, But we have demonſtrated 
(Left. 4.) in naſcent or infinite ſmall] Lines AB, AC, 
that BC is infinitely leſs than AB or AC. Whence 
the Centripetal or Centrifugal Foree will be nightly 
leſs than the communicated Force AB. 


LEMMA. I. 


Ix 4 Circle the evaneſcent or infinitely ſmall Subtenſe of - 


the Angle of Contact, are in a duplicale Ratio of be 
conterminal Arches. | 


LE T 


LET 
pendicul 
meter H 
meter; 


cum 


2 


M. Huygens s Theorems. 287 
LE T the Arches be AC, Ac, the Subtenſes per- 
pendicular to the Tangent BC, Be; draw the Dia- 


meter A D, and Cm, cn, Perpendiculars to the Dia- 
meter; and it will be BC: bc:: Amn: An:: An x 


D 


AD: Aux AD. But it is [by 8 Zl. 6.] AD: AC:: 

AC: Amn, and AD: Ac: : Ac: An; wherefore it 
will be AD Am = AC q, and AD An=z if 
wherefore it is allo BC: H:: ACS : ACg. Q,E.D. 

q 
Cor. HEN c E it is BC PA- 

Tuts Lemma the Great Sir Iſaac Newton has uni- 
verſally demonſtrated in all Curves of the firſt Order. 


| THEOR: I. 5 
Ir two equal Bodies in Motion run through unequal Cir- 
cumference in equal Times; the Centrifugal Force in 
the greater Circumference, will be to that in the leſs, as 
the Circumferences amongſt themſelves, or their Dia- 
_ meters. . 


L x 7 the Body in motion A run through the Cir- 


cumference A CH, and in the fame Time let the 


Body 
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Body a run through the Circumference ach; and let 
AC, ac be the infinitely ſmall Arches deſcribed in 


the ſame Time, Becauſe both Circumferences are 


run through in an equal Time, theſe Arches will 


be fimilar, and conſequently the Figure ABC will 


be fimilar to the Figure abc ; wherefore BC: bc: : 
AC:ac:: Circumference A CH : to Circumference 
dc h. But it is manifeſt from the foregoing Definition, 
that the Centrifugal Force of the Body A is to the 


Centrifugal Force of the Body a, as B C tobc. Where- 
fore the Centrifugal Force of the Body A will be to 


the Centrifugal Force of the Body a, as the Circum- 
ference ACH to the Circumference a cb, or as the 


Diameter of that to the Diameter of this. 9. E. D. 


Cor. H NE converſly, if the Centrifugal Forces 


are as their. Diameters, the Periodical Times will be 
_ equal. f | 


. 


- THEOR. f. 
Ir c equal Bodies in motion are carried in unequal Cir- 


cumferences with an equal Celerity, their Centrifugal 
Forces will be in a reciprocal Ratio of the Diameters. 


LET 


the A 


parall 
greate 
the le 
bc: b 
to In 
BC 1 
Am! 
AC7 


Amy 


18, as 
Circu 
Diam 


[ x tr 
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let Lr AC, ac, be the leaſt Arches deſcribed in the 
= | ſame Time, which, by reaſon the Velocity in both 


ey the moving Bodies is cqual, will be equal. Make 


2 


parallel to BC; and the Centrifugal Force in the 
greater Circumference will be to that which is in 
1 the leſs, as the naſcent Line BC to the naſcent Line 
; „c but BC is to hc in a Ratio compounded of BC 


BC is to In, as AC to Amg, and In is to bc as 
3 A m to ac or AC, Wherefore it will be BC: bc:: 
AC: Ang Am:ac:: AC J: An An: 
Am xac:: ACqoracq: Amxac::ac: Am ; that 
is, as the whole Circumference ach to the whole 
Circumference A CH, or as the Diameter 4a þ to the 
Diameter AH. 29. E. D. 


To GN 


F-#EE-O-R:;--HE 
| F Io equal moving Bodies ars carried in equal Circum- 
ferences, but both with an equable Motion, (as we would 
7 7 . ; „ ; 
ve underftood to mean in all) the Centrifugal Force of 
. the 


N 


the Arch A m ſimilar to the Arch ac, and draw Iπ 


to Im and m to be; and from the preceding Lemma, 
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the fwifter will be to the Force of the ſlower in a dpi. 
cate Ratio of the Celerities. 


Fo R the Centrifugal Forces are as the evaneſcent 


Subtenſes of the Angle of Contact, which (by what 


we have already demonſtrated) are in the ſame or 
equal Circles in a duplicate Ratio of the conterminal 
Arches ; but the conterminal Arches, ſince they are 
the Spaces deſcribed in the ſame Time, are as the 
Velocities: wherefore the Centrifuga! Forces are in 


a duplicate Ratio of the Velocities. Q. E. D. 


THE OR. IV. 


Ir two equal Bodies in motion, carried in unequal Circum- 


ferences, have their Centrifugal Forces equal; the Time 


of the Revolution in the greater Circumference, will be 
to the Time of the Revolution in the leß, in a ſubdupli- 
cate Ratio of the Diameter. 


LET A Eo TY be the leaſt Arches deſcribed in the 
ſame Time; (ſee Fig. Theor. 2.) becauſe the Centri- 


1 


fugal Forces are equal, it will be BCS c. Let 


the Time wherein the Circumference A C H is de- 


ſcribed, be called T, and the Time wherein the Cir- 


cumference ach is deſcribed, be r: make the Arch 
A m ſimilar to the Arch ac, and let us ſuppoſe any 


moving Body to run through the Circumference 


ACHA in the ſame Time, as it would run through 
the Circumference ach a; and in that caſe the Arches 


deſcribed in the fame Time in both Circumferences 


will be Am, ac. But the Velocity of a moving Body 


paſſing through the Arch A m in any given Time, is 


to the Velocity of a moving Body paſling through 
the Arch A C in the ſame Time, as the Arch A mx to 
the Arch AC: ſo that ſince the Time wherein the 
ſame Circumference is run over, is always recipro- 
cally as the Velocity, it will be T: :: Am: Af 
an 


Dlie 


ent 
hat 


nal 
are 
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and T*: 12 :: Amg:ACq::ml:BC:iml:bc; that 
is, by reaſon the Arch A M is ſimilar to the Arch ac, as 
the Diameter A H to the Diameter ah: whence it 


is manifeſt, that T: T:: AH: / ab. Q. E. D. 


Schol. SE in every Caſe the Centrifugal Force 
isato the Centrifugal Force as BC to bc, but it 1s 
Ae 


BC "AH and bc . the Centrifugal Forcè 


will be to the other Centrifugal Force as 1 


L. that is, as the Squares of the Arches deſcribed 


45 5 | 7 Re, 
in the ſame Time applied to the Diameters of the 


Circles. And fince thoſe Arches are as the Veloci- 


ties, the Centrifugal Forces will be as the Squares 


of the Velocities applied to the Diameters of the 


Circles, LCs N 

LEMMA II. 

Ir a moving Body revolves in the Circumference of a Cir- 
cle, the Space, which the moving Body proceeding for- 
wards, and only the Cenirifugal Force ariſing from that 

circular Motion taking place, would run over in a given 
Time, will be a third Proportional to the Diameter of 
the Circle and that Arch, which if it was carried in the 


Circumference of the Circle it would deſcribe in the 
ſame Time. 


LET AC be any Arch deſcribed in any the leaſt 
Particle of Time, and let ꝝ denote any Time or any 
Number of thoſe Particles, » % AC will be the Arch 
which the moving Body carried in the Circumference 
will deſcribe in the given Time , and BC the 
Space which it would run over in the firſt Particle 
of that Time, the Centrifugal Force taking place. 
But ſince every Body in motion, by the ſame Force 


2 : | CON- 


ws 
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continued always in the ſame Direction, deſcribes 
Spaces in a duplicate Ratio of the Times, [by Cor. 3. 
Theor. 12. Lect 11, for whatever is demonſtrated 
of Gravity, may be applied to any other Force act- 
ing uniformly] the Space deſcribed, the Centrifugal 


Force acting, in the Time , will be SAH „BC. 


But (as is manifeft from the firſt Lemma) it is AH: 
AC:: AC: B C, and as ACtoBC, ſo xx AC to 
1B C. Wherefore AH is to AE asnx AC to 


„B C; and by multiplying the Conſequents by n, 


AH will be to A Cas XA C to n*xBC: that 
is, the Diameter of the Circle, the Arch deſcribed 

in a given Time, and the Space which, the Centri- 
fugal Force acting, is run over in the ſame Time, 
are continual Proportionals. Q, E. D. 


Cor. Ir the Diameter of the Circle is called D, 


and the Arch deſcribed by the moving Body in any 
Time A, the Space which the moving Body, the 
Centrifugal Force acting, proceeding forwards would 


3 for D, A., 


deſcribe in the ſame Time, will be 5 


2 


F3 » are continual Proportionals. 


THEORY, 


Ir a moving Body is carried in the Circumſerence of a 
Circle, with the Celerity which it has acquired by falling 
from a Height that is equal to a fourth Part of the 
Diameter, it will have a Centrifugal Force equal 10 its 

Gravity; that is, it will ſtretch the String, whereby it 
7s kept to the Center, juſt as much as if it was ſu: 
pended by it, 


LET the Diameter of the Circle be called D, and 
the Circumference P: and ſince, by Hypotheſis, the 


Velocity of the moving Body carried in the Cir- 
cCumference is uniform, and equal to that which it 
acquires 
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_ acquires by falling through; D, it is certain that 


the moving Body carried in the Circumference will 


deſcribe in an equa] Time an Arch equal to twice 


that | by Theor. 12. Lect. 11.] that is, D; whence 
[by Lemm. 2.] the Space paſſed over in the mean 
while, by the acting of the Centrifugal Force, will 


be =D. For D is to: D, as D tozD: but by 


Hypotheſis the Space hat the moving Body by the 
Force of Gravity deſcribes in the ſame Time, is alſo 
D. Wherefore ſince the Spaces run over by theſe 
two Forces in the ſame Time, are equal, the Forces 
themſelves will be likewiſe equal. 


Cor. 1, HENcE converſly, if a moving Body car- 
ried in the Circumference of a Circle has a Centrifugal 


Force equal to its Gravity, its Velocity is that which 
is acquired by falling through D. 

Cor. 2. H xc the Time of a Revolution is to the 
Time of Deſcent through 4D, as P to; D, or as 


2PtoD. Forin the Time a moving Body, with in 


accelerated Velocity, runs over D, it will, moved 


uniformly with the Velocity acquired at the laſt, run 


through: D: and conſequently ſince the Velocities 
are equal, the Times wil! be as the Spaces run over; 
that is, the Time wherein the moving Body runs 
through the Circumference, is to the Time wherein 


it deſcribes 4 D, is £to4D; or as 2F.to D; but. 
the Time wherein D is deſcribed, is = Time of 


the Fall through £ÞD : whence the Time of the Re- 
volution will be to the Time of the perpendicular 
Fall through! D, as 2 P to D. 


THE OR. VI. 


Ix the concave Super ficies of a Parabolick Conoid, which 
has its Axis erefled perpendicularly, all the Revolutions 
of a moving Body running through the Circumferences 
Parallel tothe Horizon, whether they are ſmall or great, 

3 are 
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are performed in equal Times; each of which Times are 
equal to two Oſcillations of a Pendulum, whoſe Length 


is half the Latus Rectum of the generating Para- 
bela. 1 : | 


LzTrT HGADE be a Pirabolick Conoid, whoſe 


Axis erected perpendicularly is AP; GD, HE, the 
Diameters of Circles, whoſe Circumferences parallel 
to the Horizon the moving Body runs through ; 
which therefore will be ſollicited by three Powers 
mutually equivalent to each other, acting in three 


different Directions: whereof the firſt is the force 


of Gravity impelling the moving Body in the right 


Line HN perpendicular to the Plane of the Hori- 
zon; the ſecond is the Centrifugal Force arifing from 
the circular Motion, ſolliciting the moving Body 
from H towards K; but the Place of the third 
Power is ſupplied by the Reſiſtance or contrary En- 
deavour of the Parabolick Superficies, according to 


the Line H P acting perpendicularly to it, for Re- 
action is always equal to Action, and towards the 
contrary Part. Whence ſince the Superficies is preſſed 


perpendicularly by the moving Body, it re- acts on 


the Body according to the Direction HP, and that 
contrary Endeavour is equivalent to the Power ſolli- 
citing the moving Body according to the Direction 


HP. Wherefore ſince the moving Body is ſuſtained 


by theſe three Powers, they muſt be neceſſarily in 


@quilibrio, that is, any two deſtroy the Effect of the 
other. Whence ON being drawn parallel to HK 
meeting H N in N, if OH repreſents the Re- action 
of the Parabolick Superficies, the right Line ON 


will expound the Centrifugal Forca, and HN the 
Force of Gravity of the moving Body: But by rea- 
ſon the Triangles HON, H MP, are equi- angular, 


ON is to HN as HM to MP; that is, the Centri- 


fugal 
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fugal Force of the moving Body deſcribing the Cir- 
cumference of the Circle HM E, will be to the Force 
of its Gravity as HM the Radius of the Circle, to 


MP the Subnormal. In like manner, in any other 


Circumference GL D, in the Superficies of the Co- 
noid, the Centrifugal Force of the moving Body de- 
ſcribing it, is to the Force of Gravity as GB the 
Radius, to B Q the Subnormal. Moreover, becauſe 
the Centrifugal Force of the moving Body running 
over the Circumference HME, is to the Force of 


Gravity as HM to MP; and the Force of Gravity 


of the ſame moving Body, is to its Centrifugal 
Force, when it runs over the Circumference GL D, 
as BQ to BG, or (from the Nature of the Para- 


| bola) as MP to BG: by Equality, the Centrifugal 
Force of the moving Body running over the Circum- 


ference H M E, will be to its Centrifugal Force when 
it runs over the Circumference GL D, as HM to 


BG; that is, the Centrifugal Forces are as the 


Semi-diameters or Diameters of the Circles, whence 
[by Cor, Theor. 1.] the Periodical Times are equal. 
Which was the firſt thing to be demonſtrated. 
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Lr the Circle GLD be ſo taken, that its Dia- 
meter G D be equal to the Latus Reffum of the Pa- 
rabola H AE; whence from the Nature of the 


Parabola, it will be GB =BQ: So that the Cen- 


trifugal Force of the moving Body in the Circum- 
| ference GIL. D will be equal to the Force of Gravity. 
Therefore [by the preceding Corol.] the Velocity of 
the moving Body in the Circumference GL PD, is that 
which 1s acquired by falling through a Space equal 
o + GD, or (from the Nature of a Parabola) 
through B A. Now let OST be a Cycloid, whoſe 


Axis or the Diameter of the generating Circle SR 
is equal to A B, and the Time of Deſcent through the 


Cycloid OS will be to the Time of the perpendicular 
Fall through the Axis RS, or through BA, asz P 


to D, by Theor, 46. Lect. 15. But [by the pre- 


ceding Corol.] the Time of Deſcent through A B is 


to the Time of the Revolution 1n the Circumference 


LD as D to 2 P; wherefore, by Equality, the 
Time of Deſcent through the Cycloid OS, is to the 
Time of a Revolution in the Circumference G.LD 
as:P to 2 P, or as 1 to 4: whence the Time of 
four Deſcents in a Cycloid, or the Time of two 


Oſcillations in a Cycloid, is equal to the Time of a 


Revolution in the Circumference G LD. But the 
Time of two Oſcillations in a Cycloid, is equal to 
the Time of two the leaſt Oſcillations in a Circle, 
which is of the {ame curvity with the Cycloid at the 
Vertex S; by reaſon a Portion of ſuch a Circle and 
a Portion of the Cycloid nearly coincide at the Ver- 


tex S; and conſequently in Phyſical Matters perform 


the fame Effect, as is now well known. But the 


Radius of a Circle of the ſame degree of curvity 


with the Cycloid at the Vertex S, 1s equal to twice 
RS, or twice AB, (as eaſily allows from Coro). 
Theor. 46. Lect. 15.) So that the Length of a Pen- 

dulum 
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dulum ofcillating in that Circle, is equal to twice 


AB, or to half the Latus Rectum of the generating 
Parabola. Whence the Time of two the leaſt Oſcil- 
lations of a Pendulum, whoſe Length is half the 
Latus Rectum, is equal to the Time of two Ofcilla- 
tions in the Cycloid OST, or to the Time of a Re- 
volution in the Circurmference GLD, or in the Cir- 
cumference HM E. Q, E. D. 

Cor. HE NE if a moving Body is carried in the 
Circumference of a Circle with the Celerity that is 
acquired by falling through? of the Diameter, the 
Time of a Revolution will be equal to the Time of 


two the leaſt Oſcillations of a Pendulum, whoſe 


Length is the Semi-diameter of the Circle. 


THE OR. VII. 


Ir o Bodies, ſuſpended by unequal Strings, do ſo revolve, 


that they run over Circumfer ences parallel to the Hori- 

Zon, the Top of the Strings remaining fixed, but the 

Heights of the Cones, whoſe Superficies are deſcribed by 

this Motions, ſhall be equal ; the Times 0 048 the Re- 
volutions will be equal. 


er AB E be the Cone, whoſe Superficies the 
String AB deſcribes; alſo ADL the Cone whoſe 
Superficies is deſcribed by the String AD: and let 
C be the Center of the Baſe of both Cones, and 
AC their common Height. Now let the moving 
Body B be conſider'd as drawn by three Powers 
mutually equivalent to each other: whereof one, 


which is the Force of Gravity, draws the moving 
Body in the right Line BG perpendicular to the 
Plane of the Horizon, the other acting according to 
the Direction B, is the Centrifugal Force whereby 


the moving Body endeavours to recede from the 
Center 
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Center C of its Orbit; but the third, which is equi- 
valent to and reſiſts the other two, is the contrar 
Endeavour of the String acting according to the Di- 
rection AB; for the Tenſion of a String is inſtead of 
a contrary Power, and in this caſe performs the 
ſame effect. If therefore B F repreſents the Action 
of the String, the Centrifugal Force of the moving 


Body, and its Force of Gravity, will be expounded 
by the right Lines FG and BG, [by Theor. 28. 
Left. 14.] that is, the Centrifugal Force of the 
moving Body B, will be to the Force of Gravity as 

FG to BG, or (by reaſon the Triangles F B G, 
ABC are equi-angular) as BC to CA. After the 
ſame manner, the Force of Gravity will be to the 
Centrifugal Force of the moving Body D, as AC 
to DC: wherefore, by Equality, the Centrifugal 
Force of the maving Body B, will be to the Cn 
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fugal Force of the moving Body D, as BC to DC; 
that is, the Centrifugal Forces are as the Semi- 
diameters of the Circles, whoſe Circumferences the 
moving Bodies deſcribe, and conſequently [by Cor. 


Theor. 1.] the Times of the Revolutions are equal. 


Cor. HEN E the Centrifugal Force is to the Force 


of Gravity as the Semi-diameter of the Baſe of the 


Cone to the Height of the Cone. 


Note, B 1 the Force of Gravity and the Centri- 


fugal Force in this Demonſtration, we underſtand 


the accelerating Forces of the moving Bodies, unleſs 
thoſe Bodies are ſuppoſed equal; in which caſe may 
be alſo taken the abſolute Forces. OY 


THEOR. VII 


Ir two Bodies, as before, revolve with a Conical Motion, 
| ſuſpended by equal or unequal Strings, and the Heights 


of the Cones are unequal, the Times of the Revolutions 
will be in a ſubduplicate Ratio of their Heights. 


LI Band G be the two moving Bodies, and let 


firſt of all the Cones ABD, EGH, whoſe Super- 
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ficies are deſcribed by the Strings, be ſimilar; [by 


Corol. Theor. 7. ] the Centrifugal Force of the moving 
Body B will be to the Force of Gravity as B C to 
AC; and the Centrifugal Force of the moving Body 


G will be to the ſame Force of Gravity as G F to 


FE. But by reaſon the Triangles ABC, G E F, are 
equi-angular, BCis to AC as GF to FE: where- 
fore the Centrifugal Force of the moving Body B 
will be to the Force of Gravity, as the Centrifugal 
Force of the moving Body G to the ſame Force of 
Gravity, and conſequently theſe Centrifugal Forces 
will be equal. Therefore, [by Theor. 4.] the Times 


of the Revolutions of the moving Bodies will be in 


a ſubduplicate Ratio of the Semi-diameters; that is, 


by reaſon the Triangles AB C, EGF, are equi- 
angular, in a ſubduplicate Ratio of the Heights A C 
and EF. But whatever the Cones are, which the 


Strings deſcribe, ſo that their Heights remain un- 
altered, the Times of the Revolutions will remain 
unchanged: wherefore in every caſe the Truth ot 


this Theorem is manifeſt, ©, E. D. 


Ir a Pendulum carried in a Conical Motion makes very 
ſmall Revolutions; the Times of each of them have lo 
the Time of the perpendicular Fall from twice the 
Height of the Pendulum, the Ratio, which the Circum- 


ference of a Circle has io its Diameter : and conſequently, 


they are equal to the Time of two very ſmall lateral 


Ofcillations of the jame Pendulum. 


Lr ADB be a Cone, whoſe Superficies is de- 


ſcribed by a String, and let its Height be Ac nearly 
== A B, becauſe the Revolutions are exceeding ſmall. 
With the Semi-diameter GH = Ac deſcribe 35 

Circle 
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Circle GL F O, and let a Body be ſuppoſed to re- 


volve in its Circumference, with the Celerity that is 


acquired by falling through + of its Diameter ors D. 


[By Theor. 5.] its Centrifugal Force will be equal to 


its Gravity; but the Centrifugal Force of the moving 


Body. B is to the Force of Gravity, and conſequently 
to the Centrifugal Force of the moving Body carried 
in the Circumference GLF, as Bc to Ac or GH: 
wherefore the moving Bodies B and G, ſince their 
Centrifugal Forces are as the Radii, will have equal 
Times of Revolutions, [by Cor. Theor. r.] But the 
Time of Deſcent through G F or D, is to the Time 
of Deſcent through x D as D to : D, [by Cor. Theor. 
12. Lect, 11.] and the Time of Deſcent through? D 
is to the Time of a Revolution in the Circumference 
GLG, as; D to P. Wherefore, by Equality, the 


Time of Deſcent through D will be to the Time of 


a Revolution in the Circumference GL F, or to the 
Time of a Revolution of the Pendulum ABS D as 


D to P. The latter part of this Theorem is mani- 
feſt from the Corollary of Theor. 6. 


Cor. HE N c E ſince the Time of the perpendicular 
Fall is in a ſubduplicate Ratio of the Space paſſed 


over by a falling heavy Body, the Time of Deſcent 


from 
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from the Height of a Pendulum will be to the Time 


of an exceeding ſmall Revolution as D x x to P. 


THEOR. X. 


Ir a moving Body is carried in a Circumference, and per- 


forms each Revolution in the Time wherein a Pendulum, 
Having its Length equal to the Semi-diameter of that 


Circumference, ſhall fimſh a very ſmall Revolution in a 
Conical Motion, or twice an exceeding ſmall lateral 


Oſcillation; that moving Body will have a Page 


Force 19885 to its Gravity. 


B Ausf the moving Bodies B, G, (by Hypo- 
theſis) perform their Revolutions in equal Times, 
| [ee Fig. of the preceding Theor.] the Centrifugal 
Force of the moving Body B will be to the Centri- 
fugal Force of the moving Body G, as BC to GH, 
or BCto AC; but it is as BC to AC, ſo the Cen- 
trifugal Force of che moving Body B to the Force of 
Gravity, [by Cor. Theor. 7.] wherefore [by 9 El. 5. 
the Centrifugal Force of the moving Body G will be 
equal to the Force of Gravity. 2; E. D. 


THE OR. XI. 


TAE Ti imes of the Revolutions of any Pendulum carried 
with a Conical Motion, will be equal to the Time of the 
perpendicular Fall from a Height equal to the String of 
the Pendulum; when the Angle of Inclination of "he 


String to the Plane of the Horizon wall be nearly 2 degr. 
54min. But exa#ly, if the Sine of that Angle ſhall 


be to Radius as a Square inſcribed in a Cirel; to the 
Square of its Circumference. 


LET the 8 whole String deſcribes che | 
Conical Superficies CAD, bz ſuch, as the Sine he 
tne 


ime 


Ach; De? 
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the Angle A CE ſhall be to Radius (that is, A E to 
Let alſo AFG be the Super- 
ficies of a Cone, which the String of the Pendulum 
deſcribes carried with an exceeding ſmall Motion, 


whoſe Height therefore is AB= A F=c AC The 
Time of a Revolution of a moving Body F, will be 


[by Theor. 8.] to the Time of a Revolution of the 


moving Body C, in a ſubduplicate Ratio of AB, or 


A C to AE: but it is as AC to AE, ſo (by Hypo⸗ 
theſis) PA to : D; wherefore the Time of a Revo- 
lution of the moving Body F, will be to the Time 
of a Revolution of the moving Body C, in a ſub- 
duplicate Ratio of P* to: D-, chat 18, in che Ratio 
of Pto Dx But it is as Pto D , lo [by 


Cor. Theor. 9.] the Time of the leaſt \ Sor 


that is, the Time of a Revolution of the Body F, 
to the perpendicular Fall from the Height of the 
Pendulum: Fherefore the Time of the Revolution 
of the moving Body F, has the ſame Proportion to 
the Time of the Revolution of the moving Body C, 
as it has to the Time of the perpendicular Fall from 
a Height equal to the Length of the Pendulum; and 

con- 
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conſequently {by 9 £7. 4.] the Time of the Revolu- 
tion of the moving Body C, will be equal to the 
Time of the perpendicular Fall from a Height equal 
to the Length of the Pendulum. 2, E. D. 

Bur fince P is to D nearly as 314 to 100, P* 
will be to: D as 98596 to 5000; But AC is to 
AE, from the foregoing Demonftration as P* to 


zD*; wherefore 98596 is to 5000 as ACto AE, 


and as AC to AE, ſo is [by Trigonometry] the 


Sine of the Angle A E C, or Radius 100000 to the 


Sine of the Angle ACE: but 98596 is to 5000 as 
100000 to 5070, which therefore is the Sine of the 
Angle A CE, to which nearly anſwer 2 Degrees 
54 Minutes, 


THEOR. XII. 


Ir two Pendulums equal in Weight, but having their 
Strings unequal, do revolve in a Conical Motion, and 
the Heights of the Cones are equal, the Forces where- 
with they ſtrelch their Strings, will be in the ſame 
Ratio, as is that of the Eength of the Sirings. 


TH1s is manifeſt from Theor. 7. For the Force 


of Gravity in both the Cones, is to the Tenſion 
of the String, as the Height of the Cone to the 
Length of the String; and ſince the Height of the 


Cones is the ſame, it is evident that the Tenſions. 


of the Strings are proportionable to their Lengths. 
8 5 SS | 2 


T HE OR. XIII. 


Ir a fimple Pendulum is moved with the greateſt Iatera! 
Oſcillation, that is, if it deſcends through the vue 
Quadrant of a Circle, when it ſhall arrive at the 
loweſt Point of the Circumferene, it will araw its 

String 
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String with triple a greater Force, than if it was only 


ſimply ſuſpended by it. 


LET AB be a Pendulum moved through the 
Quadrant FB, biſect AB in C, through which 
draw CE perpendicular to AB, and meeting the 


Circumference in E. If the Pendulum deſcended. 


only through the Arch EB, it would acquire in the 


Point B the ſame Velocity, as if it had deſcended 


through CB 7 of the Diameter [by Corol. 1. Prop. 


38. of the 15th Lect.] ſo that [by Theor. g.] it will 
have in the Point B a Centrifugal Force equal to its 


Gravity: and conſequently the Gravity and the 
Centrifugal Force joined together, will draw the 


String with twice a greater Force than it would 
be drawn by the Gravity alone. Bur if the Pen- 
dulum is raiſed to F, after its Deſcent to B, it will 
acquire the ſame Velocity, as if it had fallen 


through AB. But AB is to BC in a duplicate Ra- 
tio of the Velocity acquired in the Deſcent through 
AB, to the Velocity acquired in the Deſcent 


through BC; wherefore alſo AB will be to BC 
{by Theor. 3.] as the Centrifugal Force of the 
moving Body in the Point B after the Deſcent 
through F B, to the Centrifugal Force in the Point 
B, after the Deſcent only through EB. So that 

. the 
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the Centrifugal Force of the moving Body after 
the Deſcent through F B, will be double the Cen- 
trifugal Force after the Deſcent through EB; 
that 1s, the Centrifugal Force in the Point B, 
after the Fall through F B, will be double the 
Force of Gravity, Wherefore the String, by the 
Centrifugal Force and the Force of Gravity act- 
ing together, and according to the ſame Direction, 


is drawn by triple a greater Force, than if it was 


ſtretched by the Force of Gravity alone. 9. E. D. 


"FINTS 


1724. 


BOOKS printed for J. Stnzx, W. Ix xy vs and 
R. Mansy, J. OsBorn and T. Lox MAN. 


1. New Mathematical Dictionary: Wherein is contain'd, 

not only the Explanation of the bare Terms, but like- 
wite an Hiſtory of the Riſe, Progreſs, State, Properties, gc. 
of things, both in pure Mathematicks, and Natural Philoſophy, 
ſo far as it comes under a Mathematical Conſideration. Octavo. 
1726, 


2. Mathematical Elements of Natural Philoſophy confirm'd by 


Experiments; or, An Introduction to Sir Iſaac Newton's Philoſophy. 
Written in Latin by William Fames s'Graveſande, Doctor of Laws 
and Philoſophy, Profeſſor of Mathematicks and Aſtronomy at 
Leyden, and F. R. S. at London. Tranſlated into Engliſh by F. T. 


Deſaguliers, LL. D. F. R. S. and Chaplain to his Grace the Duke 


of Chandos, in two vol. Octavo, 1726. 
3. An Eſſay on Per ſpective. By V. F. Graveſande, &c. 8vo. 


4. The Religious Philoſopher; or the right Uſe of contem- 


1 Plating the Works of the Creator: 1/7, In the wonderful Struc- 


ture of animal Bodies, and in particular Man. 2dly, In the no 
leſs wonderful and wiſe Formation of the Elements, their various 
Effects upon animal and vegetable Bodies: and, 3dly, In the moſt 
amazing Structure of the Heavens, with all its Furniture, de- 


fign'd for the Conviction of Atheiſts and Infidels, by that learned 


Mathematician, Dr, Nieuwentyt. To which is prefix'd a Letter 
to the Tranſlator, by the Reverend F. T. Deſaguliers, LL. D. 
F. R. S. The Third Edition, adorned with Cuts. Quarto, 1724. 

5. An Analytick Treatiſe of Conic Sections, and their Uſe, for 
reſolving of Equations in determinate and indeterminate Problems, 
being the poſthumous Work of the Marquis de“ Hoſpital, Quarto, 
1723. 

6. Univerſal Arithmetick; or a Treatife of Arithmetical Com- 
poſitien and Reſolution: To which is added, Dr.Halley's Method 
of finding the Roots of Equations arithmetically. Tranſlated from 
the Latin, by the late Mr. Raphſon, and reviſed and corrected by 
Mr. Cunn, Bvo. „ I 

7. The Aftronomical Principles of Religion, natural and reveal, 
containing 2 particular Account of the Syſtem of the Univerſe, 


and the Truth of that Syſtem demonſtrated from the eſtabliſhed 


Laws of Matter and Motion; together with probable Conjectures 
of the Nature and Uſes of the ſeveral celeſtial Bodies, contain'd in 


the ſame Syſtem, c. By Will. Whiſton, ſometime Profeſſor of the 
Mathematicks in the Univerſity of Cambridge. | 


NCC . ——ů— c —ð̃qDU —— — — 


8. The Philoſophical Works of the Honourable Robert Boyle, 
Eſq; abridg'd, methodiz d, and diſpos d under the ſeveral Heads 
of Phyſics, Stztics, Pneumatics, Natural Hiſtory, Chymiſtry and 
Medicine. The whole illuſtrated with Notes, containing the Im- 
provemenis made in the ſeveral Parts of natural and experimental 
Knowledge, ſince his Time, in three vol. with Cuts. By Peter 
Shaw, M. D. Quarto, 1726. 

9. Philoſophiz Naturalis Principia Mathematica, Auctore I/aacs 
Newtono Equite Aurato. Editio tertia, aucta & emendata. Quarto, 
Lond. 1726. | | ; - 

10. Epiſtola ad Amicum de Coteſij Inventis Curvarum ratione, 
quæ cum Circulo & Hyperbola comparationem admittunt; cui 
additur Appendix, Auctore Hen. Pemberton, M. D. R. S. S. Quarto, 
1722, | | 
” 1. Elementa Arithmetic Numeroſæ & Specioſæ in uſum Ju- 
ventutis Academicæ, Auctore Edv. Wells, S. T. P. Editio altera 
Auctior, 8 ro. 1726. 1 

12. Opticks: or a Treatiſe of the Reflexions, Refractions, In- 
flexions, and Colours of Light. The third Edition corrected. By 
Sir Jaac Newton, Kt. Svo. 1721. 
13. Oprice, tive de Reflexionibus, Refractionibus, Inflex ionibus 
& Coloribus Lucis. Libri tres. Authore Iſaaco Newton, Equite 
Aurato. Latine reddidit Samuel Clarke, S. T. P. Editio ſecunda 
auctior, 8 vo. 1719. | | Te 

14. Introductio ad Veram Phyſicam. Authore Joanne Keill, 
M. D. Aftr. Prof. Sav. R. S. S. Editio quarta, 8 vo, 1719. 

15. Geometria organica, five Deſcriptio Linearum curvarum uni- 
verſalis. Auctore Colino Mac-Laurin Matheſeos in Collegio novo 
Abredonenſi Profeſſore, & Reg. Soc. Socio. Quarto, 1720. 

16. Philoſophical Tranſactions; giving an Account of the preſent 
Undertakings, Studies and Labours of the Ingenious in many con- 
1iderable Paits of the World, from 1665 to 1726. In 33 volumes. 
Continued and publiſhed by Dr. James Furin, Secretary to the 
Royal Society. N. B. There are 392 Numbers, moſt of which 
may be had ſeparate, | 


There is now made by John Senex, Fellow of the Royal Socie- 
ty. a large Pair of Globes of 28 Inches Diameter, from the lateſt 
Obſervations and Diſcoveries, fit to adorn the Librarys of the Cu- 
Tious. Alſo Globes of 17, 12, and 9 Inches Diameter; Dr. Halley's 
Zodiac, Mr, iftoa's ſol ar Syſtem, and a Pair of large Hemiſtheres. 
containing all the Stars in Mr. Flamſteed's Catalogue. Theſe, with 
the beſt Maps of the World, and Quarters, and all the general Di- 
viſions of Europe, arc ſold by him, at the Globe, over-againſt St. 
| Dunſtan“s Church, in Fleet ſtreet. | | | 
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